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METRICAL SYSTEM.

(Compared with English.)

LoNG MEASURE.

Metres. | Inches. | Feet. | Yards. | Miles.
Millimetre....... .001| .03937| .00328| .oo109] —
Centimetre...... .01 .3937 | .0328| .o109 —_
Decimetre....... I | 3.937 .328 .1093 —_
METRE¥, ... .... 1 |39.37079| 3.2809 | 1.09363| —
Decametre .... . 10 - 32.809| 10.936( —
Hectometre......| 100 [. — 328 109.36 —
Kilometre.......| 1,000 — [3280.9 [1093.6 | .62138
SQUARE MEASURE.
uare uare | Square | Square
%&qetres. lsl?ches. Heet. ards, | Acres.
| Milliare........ .1 155 1.076| 119 —
ﬂ Centiaret....., x 1550 10.764 1.19 | .00025
: Deciare........ 10 | 15501 | 107.64 11.96 | .0025
—  |1076.4 119.6 .0247
- - 1,196 .2471
— — |11,660 2.4711

* 1 metre = 1.093633056 yard.
t+ Or 1 square metre = 1.196033292 square yard.
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SoLID MEASURE.

Cubic Cubic Cubic | Cubic
Metre. Inches, Feet. | Yards.
Millistere............. .001 61.028) — -
Centistere . . . .01 610.28 | .353 —
Decistere............. .1 6,102.8 | 3.5317 .1308
STERE, or cubic metre.| 1 61,028 35.317 1.308
. Decastere............. 10 — — | 13.08
i '
WEIGHTS.
Avoir- | Avoir- :
Gr'ms.| dupois | dupois | Cwts. | Tons. | Greios
ougges 1bs. Troy.
Milligramme...| .oo1] — — — — .015
Centigramme..| .o1 —_ — - — 154
Decigramme. . .I — —_ - — | 1.543
GRAMME....... 1| .035 |.0022 — — |15.432349
Decagramme.. 10 .35 |.022 — - |——
Hectogramme..| 100| 3.527 |.22046 | — — |Oz. Troy.
Kilogramme...| 1,000(35.2739| 2. .o19 |.00098| 32.15

Litres. Inches. Feet. Gallons,
Millilitre......... .001 .061 —_ .00026
Centilitre ........ .ot .61 —_ .0026
Decilitre ......... I 6.1 — .026
LITRE........... 1 61.02 .0353 26
Decalitre......... 10 610.28 .353 2.64
Hectolitre........| 100 - 3.53 26.4

4



LINEAR MEASURES.

Metres.
.0253
-3047
<9143

5.0291
20,1164
= 1609.3149

Inch...cooveer unen

o

SQUARE MEASURES.

Sq Square metres.
vare inch......... = 000645
“  foot......... = .092899
¢  yard........ = .836097
Rod.......oovvinnnn = 25.20104
Acre....... .. veess = 4046.71

CuBIiC MEASURES.

Cubic metres.

Cubic inch.......... = .000016386
¢ foot.iieean.nn = ,0283153
¢ yarde........ . = .764513

MEASURES OF CAPACITY.

LIQUID, MEASURE.

Litres,
Pint.......ccooveees = -473
Quart.......c.co.... = .046
Gallon (U.S))...... = 3.784
Gallon (Imperial).... = 4.544

5



DRY MEASURE.

Litres.
Quart... = 1.701
Peck..... [ e = 8.808
Bushel (U. S.)...... = . 35.24
Bushel (Imperial) ... = 36.349
WEIGHTS.

Grammes.
Ounce (avoirdupois). = 28.349
Pound ‘“ o= 453.592
Grain (Troy)........ = .0648
Pennyweight (Troy). = 1.555175
Ounce “ o, = 3r.10346
Pound “ = 373.2419




METRES REDUCED TO FEET.

M. Feet. M. Feet.. M. Feet.

~

1 3.281 34 III.551 6 219.820
2 6.561 3 114.831 6 223. 101
3 9.843 36 | 118.112 69 226.382
4 13.124 3 121.393 70 229.663
2 16.404 3 124.674 71 232.944

19.685 39 127.955 72 236 225
Z 22.966 40 131.236 73 239.506

26.247 41 134.517 74 242.787
9 | 29.528 | 42 | 137.798 | 7 246.067
10 32 809 | 43 141.079 g 7 249.348
II 36.090 44 144.360 7 252.629
12 39.371 4 147.640 7 255.910
13 42.652 4 150.921 9 259.191
14 45 933 4 154.202 0 262.472
1 49.213 | 4 157.483 | 81 265.753

X 52.494 49 160,764 82 269.034
1 55.775 | 50 | 163045 | 83 | 272315
1 59.056 51 167.326 84 275.596

19 62.337 52 170.607 8 278.876
20 65 618 53 173.888 8 282.157
21 68.899 54 177.169 8 285.438
22 72.180 5 180.449 8 288.719
23 75.461 5 183.730 89 292.000
24 78.742 5 187.011 90 295 281
2 82.022 5 190.292 91 298.562
2 85.303 23 193.573 | 92 | 301.843
2 88.584 196 854 93 305.124
2 91.865 61 200.135 94 308. 405
29 95 146 62 203.416 95 311.685
30 98.427 63 206.697 96 314.966
31 | 101 708 64 209.978 9 318.247
32 | 104.989 gg 213.258 9 321.528
33 | 108 270 216.539 99 324.809




FEET REDUCED TO METRES.

F. Metres. | F. Metres. F. Metres.
1 .305 34 10.363 6 20.421

2 .609 3 10.668 6 20.726

3 914 | 3 10.973 | 69 21.031

4 1.219 3 11.277 70 21.336

5 1.524 3 11.582 71 21.640

6 1.829 39 11.888 72 21.945

Z 2.133 40 12.192 73 22.250

2438 | 41 12.497 | 74 22.555

9 2.743 42 12.801 7 22.860

10 3.048 43 13.106 7 23.164
I 3.353 | 44 13.411 | 77 23.469
12 3.657 | 4 13.716 | 78 23.774
13 3.962 4 14 020 9 24.079
14 4.267 4 14.325 0 24.384
1 4.572 4 14.630 81 24.688
1 4.877 | 49 14.935 | 82 24.993
1 5.181 50 15.240 83 25.298
b ¢ 5.486 51 15.544 84 25 603
19 5.791 52 15.849 | 8 25.907
20 6.096 53 16.154 8 26.212
21 6.401 54 16.459 87 26.517
22 6.705 55 16.764 88 26.822
23 7.010 56 17.068 89 27 127
24 7-315 5 17.373 90 27.431
2 7.620 5 17.678 91 27.736
2 7-925 59 17.983 92 28 oq1
27 8.229 60 18 288 93 28.346
28 8.534 61 18.592 94 28.651
29 8.839 62 18.897 9 28.955
30 9.144 63 19 202 9 29.260
31 9-449 | 64 19.507 | 97 29.565
32 9.753 6 19 812 98 29 870
33 10.058 6 20.116 99 30.175




METRES REDUCED TO INCHES.

Inches. | M.
39.371 34
78.742 3
118.7112 3
157.483 37
196.854 38
236.225 39
275.596 40
314.966 41
354.337 42
393.708 43
433.079 44
472 449 45
511.820 46
551.19T 4
590.562 4
629.933 49
669.303 50
708 674 51
748.045 52
787.416 53
826.787 54
866.157 5
905.528 5
944 899 57
984.270 58
1023.64 9
1063.01 0
1102.38 61
1141.75 62
1181.124 63
- |1220.49 64
1259 87 6
1299 24 6

Inches.

1338.61
1377.98
1417.35
1456.72
1496.09
1535.46
1574.832
1614.20
1653.57
1692.94
1732 31
1771.69
1811.06
1850.43
1889.80
1929.17
1968 540
2007.9I
2047.28
2086.65
2126.02
2165.39
2204.76
2244 14
2283 51
2322 88
2362.247
2401 62
2440.99
2480.36
2519.73
2859.10
2508.47

M.

Inches.

2637.84
2677.21
2716.58
2755.954
2795-33
2834.70
2874.07
2913.44
2952.81
2992 18
303I.55
3070.92
3110.29
3149 662
3189.03
3228.40
3267 77
3307.15
3346.52
3385.89
3425.26
3464.63
3504 .00
3543.370
3582.74
3622.11
3661.48
3700.85
3740.22
3779-59
3818.97
3858.34
3897 71



INCHES REDUCED TO METRES.

In.  Metres. *
I .025400
2 .050799
3 | .o76199
4 ‘ .101598
g 4 +126098
+152397
Z -177797
.203196
9 .228596
10 +253995
1I -279395
12 304794
13 .330194
14 +355594
1 -380993
1 -406393
I .431792
I .457192
19 482591
20 507990
21 +533390
22 -558790
23 .£84189
24 -609589
2 .634989
2 .660388
2 .685788
2 .711187
29 .736587
30 .761986
31 .787386
32 .812785
33 .83818¢

.86358
.88898
.9I438
-93978
.g6518
.99058
.01598
.04138
.06678
.09218
.11758
.14298
.16828

19378
T.21918
1.24458
1.26997
-29538
.32078
.34618
.37158
-39697
+42237
-44777
-47317
-49857
-52397
54937
-57477
60017
-62557
.65097
.67637
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Metres.
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.70177
-72717
-75257
-77796
.80337
.82877
-85417

87957

190497
+93037
-95576
.98116
.00656
.03196
.05736
.08276
.10816
-13356
.15896

18436
20976

.23516

26056

.28595
.31136
-33676
.36216
.38756

41296

.43836
. 46376
.48915
+51455



INCHES AND 16Tss INTO MILLIMETRES.

In.

P IR R R R IR S

e
-l
e

"
e

Lol

Mill. | In.
1.587 2%
3.174 2}}
4.763 2

6.350 2;2
7.937 | 2

9.524 | 21
II.112 2}2
12.700 27
14.287 2;2
15.875 | 2i}
17.462 2¥
19.050 2}
20.637 2

22 225 2}
23.812 3

25.400 3

26.987 3
28.574 3§
30.162 3}2
31.7499 3

33.337 3
34.924 3%
36 512 3%
38.099 | 37
39.687 | 3
41.274 3{;}
42.862 3
44-449 | 313
46.037 | 3
47.624 | 31§
49.212 4

50.799 | 47
52.387 4}

Mill, I In.
53.974 | 4%
55.561 | 4%
57-149 | 41
s8.736 | 434
60.324 4;’2
61.911 4
63.499 | 41}
65.086 | 4%
66.674 | 4
68.261 | 4%
69.849 4t&
71.436 | 44
73.024 | 41%
74.611 5
76.199 5:?
77-786 | 5}
79-374 = "~
80.961 f?
82.549 It
g4.136 Zﬁ

5.723
87.311 i}z
88.898 4
90.486 5
92 073 H
93 661 %
95.248 t
6.836 7%
98.423 ]

100.01 -
101.60 6.
103.19 6!
104.77 65

Mill.

106 36
107.95
109.54
III I2
112.71
114.30
115.89
117.47
119.06
120 65
122.24
123.82
125.41
127.00
128.50
130.17
131.76
133.35
134.94
136.52
138 11
139.70
141 28
142.87
144.46
146 .05

'147.63

149.22
150.81

1I



MILES TO KILOMETRES.

Miles. Kilos. | Miles. Kilos. Miles, Kilos.
I 1.609 34 54.717 6Z 107.824
2 3.219 3 56.326 6 109.433
3 4.828 | 3 57.935 | 69 | 111.043
4 6.437 3 59.545 70 112.652
2 8.047 3 61.154 7t 114.261

9 656 39 62.763 72 115.871

Z 11.265 40 64.373 73 117.480

12.874 41 . 65.982 74 119.089

9 14 484 42 67.591 7 120.699

10 16.093 43 69.200 7 122 308
1I 17.702 44 70.810 7 123.917
12 19.312 4 72.419 7 125.527
13 20.921 4 74.028 9 127.136
14 22.530 4 75.638 0 128 745
1 24.140 4 77.247 81 130 355
1 25.749 49 78.856 82 131.964
1 27 358 | 50 80.466 | 83 | 133.573
I 28.968 | 51 82 o75 | 84 | 135.182
19 30.577 52 83.684 8 136.792
20 32.186 53 85.294 8 138.401
21 33.796 54 86.903 8 1.40.0I0
22 35.405 5 88.512 8 141.620
23 37.014 5 go.122 89 143.229
24 | 38.624 | 57 or.73r | 90 | 144.838
2 40.233 58 93.340 9I 146.448
2 41.842 gg 94.950 92 148.057
2 43.451 96 559 | 93 149.666
2 45.061 61 98.168 94 151.276
29 46.670 62 99.777 9 152 885
30 | 43279 | 63 | 101.387 | 9 154.494
3z 49.889 64 102.996 97 156 104
32 | 51.498 gg 104.605 | 98 | 157 713
33 | s53.107 106.215 | 99 | 159 322




KILOMETRES TO MILES.

Kilos. Miles. [ Kilos. Miles. [ Kilos. Miles.
I .621 34 21.127 67 41.633
2 1.243 3 20.748 68 42.254
3 1.864 3 22.370 69 42.875
4 2485 3 22.991 70 43.497
g 3.107 3 23.612 71 44.118

3.728 39 24.234 72 44.739
g 435 | 40 24.855 | 73 45.361

4.971 | 41 25.477 | 74 45 982
9 5.592 | 42 26.098 7 46 604
10 6.214 43 26.719 7 47.225
II 6.835 44 27.341 77 47.846
12 7-457 | 4 27.962 78 48.468
13 8.078 4 28.584 9 49.089
14 8.699 4 29.205 0 49.711
1 9.32I 4 29.826 81 50.332
1 9.942 || 49 30.448 | 82 £0.953
1 10.563 | 50 31.069 83 51.575
1 11.185 | 5I 31.690 84 52.196
19 11.806 52 32.312 8 52.817
20 12.428 | 53 32.933 | 8 53.439
21 13.049 | 54 33.555 | 8 54.060
22 13.670 5 34.176 8 54.681
23 14.292 | 5 34.797 | 89 55.303
24 | 14913 | § 35.419 | 90 55.924
25 15.535 5 36 040 | o1 56.546
26 16 156 gg 36.662 92 57.167
2 16.777 37 283 93 57.789
2 17.399 | 61 37.924 | 94 58.410
29 18.020 62 38.526 9 5q.031
30 | 18.641 | 63 39147 | 9 59.653
3t | 19.263 | 64 39.768 | 9 60.274
32 19.884 6 40.390 9 60.t95
33 20.506 6 4I.01I 99 61.517




SQUARE CENTIMETRES TO SQUARE INCHES.

Cen.

O 0Oy M N =

Inches.

ol bt bt bt B b

2
2
2
2
2
2
2

3.

3
3
3
3
3
4
4
4
4
4
4
4
5

-155
.310
.465
.620
-775
.930
.085
.240
<365
.550
. 705
.860
.015
.170
325
.480
-635
-790
-945
100
-255
.410
.565
.720
.875
.030
.185
.340
-495
.650
.80s

115

960

Cen.

Inches.

-
(=]

-
OO OVOOVO WEPPOPEINTINIII OO OTNILTLBLKT L

Cen. Inches.
270 67 10.385
425 68 10.540
580 69 10.695
735 70 10.850
890 71 11.005
045 72 11.160
200 73 11.315
355 74 11.470
510 7 11.625
665 7 11.780
820 7 1I 933
Q75 7 12.0G0
130 9 12.245
285 0 12.400
440 81 12.555
595 82 12.7'0
750 83 12 865
9o5 84 13.020
060 8 13.175
.215 8 13.330
370 8 13.485
525 8 13.640
680 89 13.795
-835 90 13 950
990 91 14 105
.145 92 14 260
.300 93 14.416
455 94 14 571
.610 9 14.726
.765 9 14.881
.920 9 15 036
075 9 15.191
230 99 15.346

-
&~



SQUARE INCHES TO SQUARE CENTIMETRES.

In. Cen. In. Cen. In. Cen.
1 6.451 | 34 219.346 6 433.242
2 12.903 | 3 225.798 6 438 693
3 19.354 | 3 232.249 | 69 | 445.144
b 4 25 805§ 3 238.701 70 45I.596
g 32.257 | 3 245.152 | 71 | 458 047
38.708 | 39 251.603 72 464 .498
Z 45.160 | 40 258.055 73 470.950
51.61I 41 264 . 506 74 477401
9 58.062 | 42 270 957 7 483.852
10 64.514 | 43 | 277.409 | 7 490.304
11 70 965 | 44 283.860 7 496.755
12 77-416 | 4 290.311 7 503.207
13 83.868 | 4 296.763 9 509.658
14 90.319 | 4 303 214 0 516.109
1 96.770 | 4 309.666 81 522.561
1 103.222 | 49 316.117 82 529 OI2
I 109.673 | 50 322.568 83 535.463
1 116.125 | 5I 329.020 84 541.915
19 122.576 | 52 335.471 8 548.366
20 129.027 | 53 341.992 8 554.818
21 135.479 | 54 | 348.374 | 87 = 561 269
22 141.930§ 5 354.825 88 567 720
23 148.381 | 5 361.277 89 74.172
24 154.833 ] 5 367.728 90 580.623
2 161.284 | 5 374.179 91 587.074
» 2 167.736 gg 380.631 92 593.526
2 174.187 387.082 | 93 | 599.977
2 180.638 | 61 393.533 94 606..428
29 187.090 | 62 399.98s5 9 612.880
30 | 193.541 ] 63 | 406.436 | 9 619.331
3r | 199.992 | 64 | 412.887 | 97 | 625 783
32 | 206.444] 6 419.339 | 98 | 632.234
33 212.895 | 6 425.790 99 638.685



SQUARE METRES 10 SQUARE FEET.

M. Feet. M. Feet. M. Feet.
I 10.764 34 365.986 67 721.208
2 21.529 3 376.751 68 731.972
3 | 32.203 | 3 387.515 | 69 | 742.737
4 | 43.057 | 37 | 398.279 | 70 | 753.s01
g 53.821 38 409.043 7t 764.265
64.586 39 419.808 72 775.030

7 75.350 40 430.572 73 785.794
8 86.114 41 441.336 74 796.558
9 96.879 42 452.101 7 807.323
I0 107.643 43 462.865 7 818 087
Ir 118.40%7 44 473.629 7 828.851
12 | 129.172 4 484.394 7 839.615
13 | 139.936 | 4 465.158 9 | 850.380
14 150.700 4 505.922 0 861 144
15 161. 465 4 516.686 81 | 871.9go8
16 | 172.229 49 527.451 82 882.673
17 182.993 50 538.2I5 83 893.437
18 | 193.757 51 518.979 84 | 904.201
19 | 204.522 52 559.744 8 914.966
20 | 215.286 53 570.508 8 925.730
21 226.050 54 581.272 8 936 . 494
22 | 236.815 5 592.037 8 947.258
23 | 247.579 5 602 . 801 89 958.023
24 | 258.343 5 613.565 90 968.787
2 269.108 5 624.329 91 979.551
2 279.872 9 | 635.004 | 92 | 990.316
2 290,636 0 645 858 93 | 1001.08
2. 301,400 61 656.622 94 | 1011.84
29 | 312.165 62 667.387 9 1022.61
30 | 322 929 63 678.151 9 1033.37
3r | 333.603 | 64 | 688.915 | 9 1044 14
32 | 344.458 gg 699.680 9 1054 .90
33 | 355.222 710.444 99 1065 67
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SQUARE FEET TO SQUARE METRES.

F. Metres.

WRNNRNNRNDNNNN N = mbd m  m pg bt et b

093

-186

.279
372

.464
557

.650
-743
.836
.930
.022
.I15
.208
.300
-393
.486
-579
.672
-765
.858
.951
<044

137
.230

.322

a1s

.508

.601
-694
187
.880

973
.066

F.

Metres.

3.159

R S B oy men b o
W
N

F.

Metres.

.224
.317
.410
.503
.5Q0
.689

782
875

-967
060

153

.246
<339

432
525
618
711

.804
.896

989
082

.175
.268

361
454

547
640

733

825

.18
.OII

104
197




SQUARE METRES TO SQUARE YARDS.

Yards. I M.
1.196 | 34
2.3902 | 3
3.588 3
4.784 37
5.980 38
7-176 39
8.372 40
9.568 41
10.764 42
11.960 43
13.156 44
14.352 | 4
15.548 | 4
16 744 | 4
17.940 4
19.136 49
20.333 | 50
21.529 51
22.725 52
23.921 53
25.117 54
26.313 55
27.509 56
28705 5
29.90I 5
31.097 9
32.293 0
33.489 61
34 685 62
35.881 63
37.077 64
38.273 gg
39.469

Yards.

40.665
41.861
43 057
44.253
45-449
46.645
47.841
49.037
50.233
5T 429
52.625
53.821
55.017
56.214
57.4I0
58.606
59.802
60.998
62.194
63.390
64.586
65.782
66.978
68.174
69.370
70.566
71.762
72 958
74.154
75350
76 546
77 742
78.938

18

M.

Yards.

80.134
81.330
82.526
83.722
84.918
86.114
87.310
88.506
89.702
90.898
92.095
93.29I
94.487
95.683
96.879
98.075
99.271
100.467
101.663
102.859
104.055
105.25K
106.447
107 643
108.839
110.035
111.231
112.427
113 623
114.819
116 0I5
117.211
118.407




SQUARE YARDS TO SQUARE METRES.

Y.  Metres.
I .836
2 1.672
3 2.508
4 3 344
g 4.180

5.017
Z 5 853

6.689
9 7:524
I0 8 361
Ir 9.197
12 10.033
13 ‘ 10.869
14 11.705
1 12.541
b4 13.378
b ¢ 14.213
1 15.050
19 15.886
20 16.722
21 17.558
22 18.394
23 19.230
24 20.066
2 20.902
2! 21.738
2 22.574
2 23.411
29 24.247
30 25.083
3t 25.919
32 26.755
33 27.591

Y.

Metres. Y. Metres.
28.427 6 56.018
29.263 6 56.855
30.099 | 69 57.691
30.936 70 58.527
31772 | 71 59.363
32.608 72 60.199
33.444 73 61.035
34.280 74 61.871
35.116 7 62.707
35.952 7 63.543
36.788 | 7 64.379
37.624 7 65.216
38.460 79 66.052
39 297 80 66.888
40.133 81 67.724
40.969 82 68.560
41.805 83 69.396
42.641 84 70.232
43.477 8 71.068
44.313 8 71.904
45.149 87 72 740
45.985 88 73 576
46.821 89 74 413
47.657 90 75-249
48.494 91 76.085
49.330 92 76 921
50.166 93 77-757
51.002 94 78.593
51.828 | 9 79-429
52.674 9 80.265
53.5I0 97 8r1.10I
54 346 | 98 81.937
55.182 [ 99 82.774
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CUBIC CENTIMETRES TO CUBIC INCHES.

Cen. Inches. | Cen. Inches. {Cen. Inches.
I .061 34 2.075 6 4.089
2 122 3 2.136 6 4.150
3 .183 3 2.197 69 4.211
4 .244 37 2.258 70 4.272
g 305 | 38 2.3I9 71 4.333

-366 | 39 2.380 72 4-394
Z 427 | 40 2.441 73 4 455
.488 41 2.502 74 4.516
9 -549 42 2.563 7 4-577

I0 .610 43 2.624 7 4.638

Iz .671 44 2.685 7 4.699

12 -732 45 2.746 7 4.760

13 .793 46 2.80% 79 4.821

14 .854 4 2.868 80 4.882

1 915 I 4 2.929 81 4.943

b¢ .976 49 2.990 82 5.004

1 1.037 50 3.051 83 5.0065

1 1.098 51 3.1I2 84 5.126

19 1.159 52 3.173 8 5.187

20 1.221 53 3.234 8 5.248

21 1.282 54 3.295 8 5.309

22 1.343 | 5 3.356 8 5.370

23 1.4904 | 5 3.417 89 5.431

24 1.465 57 3.479 90 5-492

2 1.526 | 58 3.540 91 5.553

2 1.587 gg 3.600 92 5.614

2 1.648 3.662 93 5.675

2 1.709 | 6x 3.723 94 5.736

29 1.770 | 62 3.784 9 5.797

30 1.831 | 63 3.845 9 5.859

3t 1.892 64 3.906 9 5.920

32 1.953 | 6 3.967 9 5.981

33 2.014 66° 4.028 99 6.042
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CUBIC INCHES TO CUBIC CENTIMETRES.

In. Cen. In. Cen. In, Cen.
b ¢ 16.386 | 34 557.130 6 1097.87
2 32.772 | 3 573.516 6 1114 26
3 49.158 | 3 589 goz | 69 | 1130.65
4 65.545 | 3 606 .288 70 1147.032
g 81.931 | 3 622.675 71 1163.42
98.317 1 39 639.061 72 1179.80
g 114 703 | 40 | 655.447 | 73 | 1196.19
131.089 | 41 671 833 74 1212.58
9 147.476 | 42 688 219 7 1228.96
10 163.862 | 43 704 .606 7 1245.35
11 180.248 | 44 720.992 77 1261.74
12 | 196.634 | 4 737.378 | 78 | 1278.12
13 213.020 | 4 753.764 79 1294.51
14 229.406 | 47 770.150 80 1310.894
1 245.793 § 48 786.536 81 1327.28
b ¢ 262.179 § 49 802.923 82 1343.67
1 278.565 | 50 | 819 309 83 1360.05
I 204.951 | 51 835.695 84 1376.44
19 311.337 | 52 852.081 8 1392.82
20 327.723 | 53 868.467 8 1409.21
2r 344.110 | 54 884.853 8 1425.60
22 360.496 | 5 QOI.240 8 1441.98
23 376 882 | 5 917.626° 89 1458.37
24 393.268 | 57 | 934.012 | 90 1474.756
2 409.654 | 58 950.398 oI 1491.14
2 426.041 gg 966.784 92 1507.53
27 442 .427 983.170 93 1523.91
28 | 4s58.813| 61 | 999.557 | 94 | 1540.30
29 | 475.199 | 62 | 1015.94 9 1556.69
30 491.585 | 63 | 1032.33 9 1573,07
31 | s07.971 ] 64 | 1048.72 97 | 1589.46
32 524 358 | 6 1065. 10 98 1605.85
33 | 540.744 ] 66 | 1081.49 99 | 1622 23




CUBIC METRES TO CUBIC YARDS.

M. Yards. | M. Yards. M. Yards.
1 1.308 | 34 | 44.473 6 87.637
2 2.616 35 45.781 6 88.945
3 3.924 | 36 | 47.089 69 90.253
4 5.232 3 48.397 70 9I.561
5 6.5¢0 | 3 49.705 71 92.869
6 7.848 | 39 5I.013 72 94.178
g 9.156 40 52.321 73 95.486
10.464 41 53.629 74 96.794
9 11.772 | 42 ' 54.937 7 98.102
10 13.080 43 56.245 7 99.410
11 14.388 44 57-553 7 100.719
12 15.696 4 58.861 7 102.026
13 17.004 4 60.169 9 103.334
14 18.312 4 61.477 0 104.641
1 19.620 4 62.785 81 105.950
b 20.928 49 64.093 82 107.258
1 22,236 50 65. 401 83 108. 566
1 23.544 51 66.709 84 109.874
19 24.852 52 68 017 8 111.182
20 26.160 53 69.325 8 112.490
21 27.468 54 70.633 87 113.798
22 28.776 5 71.041 88 115.106
23 30.084 5 73.249 89 116.414
24 31.392 5 74.557 90 117.721
2 32 700 5 75.865 91 119.030
2 34.009 9 77173 92 120.338
2 35.317 0 78.481 93 121.646
2 36.625 61 79.789 94 122.954
29 | 37.933 | 62  81.097 95 124.262
30 39.240 63 82.405 96 125.570
31 40.549 64 83.713 9 126.878
32 41.857 6 85.02I 9 128 186
33 | 43.165 | 6 86 329 99 | 129 494
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CUBIC YARDS TO CUBIC METRES.

Y.

f

Metres.

22.935

24.464
25.229

Y.

Metres.

25.993
26.758
27.522
28.287
29.05I
29.816
30 580
31.345
32.110
32 874
33.639
34.403
35.168
35-932

37.461
38.226
38.990
39-755
40.519
41.284
42.048
42.813
43.577
44.342
45.106
45.871
46.635
47.400
48.164
48.929
49-693
50.458

Y. Metres.
6 51.222
6 51.987
69 52.751
70 53.516
71 54.280
72 55.045
73 55.809
74 56.574
7 57.338
7 58.103
7 58.867
7 59.632
Zg 60.397
61 161
81 61.926
82 62.690
83 63.455
84 64.219
8 64.984
8 65.748
87 66.513
88 67.277
89 68.042
90 68.806
91 69.571
92 70.335
93 71.100
94 71.864
95 72.629
96 73-393
9 74.158
9 74.922
99 75.687
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GRAMMES TO GRAINS.

G. Grains. | G. Grains. G. Grains.
n
1 15.432 | 34 | 524.700 6 1033.97
2 30.864 3 540.132 6 , | 1049.40
3 | 46297 | 3 555.564 69" | 1064.83
4 61.729 3 570.997 70 | 1080.264
g 77.162 3 586.429 7t 1095 .70
92.504 39 601 862 72 | Irrr.i3
g 108.026 40 617.294 73 1126.56
123.459 .41 632.726 74 1141.99
9 | 138.801 42 648.159 7 1157.43
10 | 154.323 43 663.591 7 1172.86
11 | 169.756 44 679.025 7 1188.29
12 | 185.188 4 694.456 7 1203.72
13 | 200.620 4 709.888 9 | 1219.16
14 216.053 4 725.320 0 1234.588
b4 231.485 4 740.753 81 | 1250.02
b ¢ 246.917 49 756.185 82 | 1265.45
17 | 262 350 50 771.617 83 | 1280.88
18 | 277.782 51 787.050 84 | 1296 32
19 | 293.214 52 802.462 8 1311.75
20 | 308.647 53 817.914 8 1327.18
2r | 324.079 | 54 833.347 8 1342.61
22 | 339.5II 5 848.779 8 1358.05
23 (354943 | 5 864.211 89 | 1373.48
24 | 370.376 5 879.644 90 | 1388.911
2 385.808 5 895.076 91 1404.34
2 401.241 gg 9I0.508 92 | 1419.78
27 | 416.673 925.941 93 | 1435.21
28 | 432.106 61 941.373 94 | 1450.64
29 | 447.538 62 956.806 9 1466.07
30 | 462.970 63 972.238 9 1481.51
31 | 478.403 | 64 | 987.670 97 | 1496.94
32 | 493.835 6 1003.10 9 1512.37
33 | 509.267 6 1018.53 99 | 1527.80
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GRAINS TO GRAMMES.

G. Grammes.] G. Grammes. | G. Grammes.
b4 .065 34 2.203 6 4.341
2 .130 3 2.268 6 4.406
3 194 | 3 2.333 69 4.471
4 .259 3 2.398 70 4.536
g | .324 3 2.462 71 4.601
. .389 39 2.527 72 4.666
7 454 | 40 2 592 73 4:730
8 518 } 41 2.657 74 4.795
9 .583 42 2.722 7 4.860
10 .648 43 2.786 7 4.925
Iz 713 44 2.851 7 4.989
12 778 4 2.916 7 5.054
13 .842 4 2.981 9 5.119
14 -907 47 | 3.046 0 5.184
b .972 4 3.110 81 5.249
1 1.037 | 49 3.175 82 5.313
1 1.102 50 3.240 83 5.378
18 1.166 51 3.305 84 5.443
19 - 1.231 52 3.370 8 5.508
20 1.296 | 53 3.434 8 5.573
21 1.361 | 54 3499 | 8 5.637
22 1.426 5 3.564 | 8 5.702
23 I.490 | 5 3 629 89 5.767
24 I.555 57 3.694 90 5.832
2 1.620 58 3.758 91 5.897
2 1.685 9 3.823 92 5.961
27 1.750 0 3.888 93 6.026
28 1.814 61 3.953 94 6.091
29 1.879 62 4.018 9 6.156
30 1.944 63 " 4.082 9 6.221
31 2 009 64 4.147 9 6.285
32 2.074 6 4 212 9 6.350
33 2.138 | 6 4.277 99 6.415




KILOGRAMMES TO POUNDS AVOIRDUPOIS.

K. Pounds. I K.

b ¢ 2.
2 4.
3 6.
4 8.
5 11
6 13
§ 5

17
9 19

10 22

I 24

12 26

13 28

14 30

1 33

I 35

1 37

1 39

19 41

20 44

21 46

22 48

23 50

24 52

2 55

2 57

2 59

2 61

29 63

30 66

31 68

32 70.

33 72.

205
409
614
818

.023
.228
.432
.637
.842
.046
.251
-455
.660
. 865
.069
<274
.478
.683
.887
.092
297
. 502
.706
.QII

116

.320

525

-729
<934
.139
<343

548
753

Pounds.

74.957
77.162
79-366
81.571
83.776
85.980
88.185
90.389
92.594
94.799
97.003
99.208
101.413
103.617
105.822
108.026
110.231
112.436
114.640
116.845
119.050
121,254
123.459
125.663
127.868
130.073
132.277
134.482
136.686
138.891
141.096
143.300
145.505

K.

Pounds.

147.710
149.914
152.1I9
154.323
156.258
158.733
160.937
163.142
165.347
157.551
169.756
171.960
174.165
176.370
178.574
180.779
182.984
185.188
187.393
189.597
191.802
194.007
196.211
198.416
-200.620
202.825
205.030
207.234
209.439
211.644
213.848
216.053
218.258

—
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POUNDS AVOIRDUPOIS TO KILOGRAMMES.

P.

Kilos.

<454

<907
1.361
1.814
2.268
2.722
3.175
3.629
4.082
4.536
4.990
5.443
5.897
6.350
6.804
7-257
7.711
8.165
8.618
9.072
9.525
9.979
10.432
10.886
11,340
11.793
12.247
12.700
13.154
13.608
14 061
14.515
14.969

P.

Kilos. ' P.
15.422 6

15.876 6

16.329 69
16.783 70
17.236 71
17.690 72
18.144 73
18.597 74
19.051 75
19.504 76
19.958 7

20.412 7

20.865 9
21.3I9 0
21.772 81
22,226 82
22.680 83
23.133 84
23.587 85
24.040 86
24.494 8

24.948 8

25.401 . 89
25.855 90
26.308 l 91
26.762 ' 92
27.216 93
R | o

I

28.576 92
29.030 97
29.483 98
29.937 99

27

Kilos.

30.
30.
3I.
3I.
32.
32,
33.
33.
34.
34.
34.
35.
35.
36.
.741
37.
37.
38.
38.
39.
.463
39.
40.
40.
41.
41,
42.
.638
.09I
43.
43.
44.
44.

36

39

42
43

301
844
298
751
205
659
112
566
o1g
473
927
380
834
287

195
648
102
555
009

916
370
823
277
730
184

545
998
452
9ob



FRENCH TONS TO ENGLISH TONS.

Fr.T. Eng. T. |Fr. T. Eng. T. |Fr.T. Eng.T.
1 984 | 34 33.463 | 6 65.942
2 1.968 33 34.447 6 66.926
3 2.953 | 3 35.431 | 69 67.910
4 3937 | 3 36.416 | 70 68.894
g 4.92¢ | 3 37.400 | 71 69.879

5.905 39 38.384 72 70.863

Z 6.889 40 39.368 73 71.847
7-874 | 41 40.352 | 74 72.831

9 8 858 42 41.337 7 73.815
10 9.842 43 42.321 7 74.800
II 10.826 44 43.305 7 75.784
12 11.810 4 44.289 7 76.768
13 12.795 4 45.273 79 77-752
14 13.779 4 46.258 8o 78.736
1 14.763 4 47.242 81 79.721
1 15.747 49 48.226 82 80.705
1 16.731 50 49.210 83 81.689
I 17.716 51 50.194 84 82.673
19 18.700 52 5I.179 8 83.657
20 19.684 53 52.163 8 84.642
21 20.668 54 53.147 8 85.626
22 21 652 5 54.131 8 86.610
23 | 22637 | 5 55.115 | 89 87.594
24 23.621 57 56.100 90 88.578
2 24.605 58 57.084 [} ¢ 89.563
2 25.589 gg 58.068 92 90.547
2 26.574 59.052 93 9I.531
2 27.558 61 60.037 94 92.5I5
29 28.542 62 61.021 gg 93.500
30 29.526 63 62.005 94.484
3t 30.5I10 64 62.989 9 95.468
32 | 31.495 gg 63.973 | 9 96.452
33 | 32.479 64.958 99 97.436




ENGLISH TONS TO FRENCH TONS.

Fr. T.

1.016
2.032
3.048
4.064
5.080
6.096
7.112
8.128
9.144
10.160
11.176
12.193
13.209
14.225
15.241
16.257
17.273
18.289
19.305
20.321
21.337
22.353
23.369
24.385
25. 401
26.417
27.433
28.449
29 465
30.481
31 497
32.5I3
33.530

Eng.T. Fr.T. |Eng.T. Fr. T.

34.546
35.562
36.578
37.594
38.610
39.626
40 642
41.658
42.674
43.690
44.706
45.722
46.738
47.754
48.770
49.786
50.802
51.818
52.834
53.850

68.075
69.091
70.107
71.123
72.139
73.155



KILOGRAMMES PER CENTIMETRE TO POUNDS
PER SQUARE INCH.

K. Pounds. § K. Pounds. K. Pounds.
r | 14.223 | 34 | 483.576 | 6 952.929
2 | 28.446 | 3 497.799 | 6 967.152
3 42.669 3 512.022 69 981.375
4 56.801 37 526.244 70 995.597
5 71.114 38 540.467 7t 1009.82
6 | 85.337 39 554.6g0 | 72 1024.04
Z 99.560 | 40 568.913 73 1038.27
113.783 41 583.136 74 1052.49
9 | 128.005 42 597.358 7 1066. 71
10 | 142.228 43 611.581 7 1080.93
11 | 156.451 44 625.804 7 1095.16
12 | 170.674 45 640.027 7 1109.38
13 | 184.897 40 654.250 9 1123.60 ~
14 | 199.II9 47 668.473 0 1137.826
1 213.342 48 682.695 81 1152.05
¢ 227.565 49 696.918 82 1166.27
1 241.788 50 711.141 83 1180.49
1 256.01I1 51 725.364 84 1104.72
19 | 270.234 52 739.587 8 1208.94
20 | 284.456 53 753.809 8 1223.16
21 | 298.679 54 768.032 87 1237.39
22 | 312.902 5 782.255 88 125I.61
23 | 327.125 | 5§ 796 478 | 89 1265.83
24 | 341.348 5 810. 701 90 1280.054
25 | 335.571 | 5 824.924 | 91 1294.28
2 369.793 9 839.146 92 1308.50
27 | 384.016 0 853.369 93 1322.72
28 | 398.239 61 867.592 94 1336.95
29 | 412.462 62 881.815 95 1351.17
30 | 426.684 63 896.038 96 1365.39
31 | 440.907 64 910.260 9 1379.61
32 [455.130 | 6 924 483 | 9 1393.84
33 | 469.353 | 6 938.706 | 99 | 1408.06




POUNDS PER SQUARE INCH TO KILOGRAMMES
PER CENTIMETRE.

P. Kilos. P. Kilos. I P. Kilos.

I o70 34 2.391 67 4.711

2 141 3 2 461 68 4.781

3 “201 3 2.530° 4.851

4 .281 3 2.601 7o 4.922

g 352 3 2.672 71 4.992

422 39 2.742 72 5.062

g 492 40 2.812 73 5.133

.563 41 2.883 74 5.203

9 633 42 2.953 7 5 273

10 703 | 43 3.023 7 5.344
I 773 | 44 3. 7 5.414
12 844 4 3.164 7 5.484
13 914 | 4 3.234 9 5.554
14 984 | 4 3.305 0 5.625
H 1.054 | 4 3.375 81 5.695
1 I.125 49 3.445 82 5.765
1 1.195 50 3.515 83 5.836
1 1.266 51 3.586 84 5.906
19 1.336 52 3.656 8 5.976
20 1.406 53 3.726 8 - 6.047
21 1.476 54 3.797 87 6.117
22 1.547 5 3.867 88 6 187
23 1.617 5 3.937 89 6 258
24 1.687 57 4.008 90 6.328
25 1.758 58 4.078 91 6.398
26 1.828 59 4.148 92 6.468
2 1.898 60 4.219 93 6.539
2 1.969 61 4.289 94 6.609
29 2.039 62 4.350 1 9 6.679
30 2.109 63 4.430 9 . 6.750
31 2.180 64 4.500 9 6.820
32 2.250 6 4.570 9 6.890
33 2.320 6 4.640 99 6.961
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FRENCH HORSE-POWER TO ENGLISH HORSE-
POWER.

Fr. Engﬁsh.l Fr.

O X ONH LN -

.986
-973
1959
-945
.932
.918
-904
.891
877
.863
.850
.836
.822
.809
-795
.781
.768
754
.740
.727
.713
.699
.686
.672
.658
.645
.631
.617
.604
-590
.576

563
-549

Engﬁsh.l Fr.

33.
31.
35
36.
37.
38

40.
41
42.
43.
44.
45.
46.
47.
48.
49.
50.
5I.
52
53
54.
55
56.
57.
58.
59.
60,

65.

32

535
522

.508

494
481

.467

453
439

.426

412
398
385
371
357
344
330
317
303
289

.2760
.262

248

.235

221
207
184
180
166

.I53
139 -
.125
JII2

098

English.

66.085
67.071
68.057
69.043
70.030
71.016
72.002
72.989
73-975
74 962
75-948
76.934
77 921
78.907
79-893
80.880
81.866
82.852
83.839
84.825
85.81I
86.798
87.784
88.770
89.757
90.743
91.729
92.716
93 702
94.688
95 675

.661

97.647

—



" ENGLISH HORSE-POWER TO FRENCH HORSE-
POWER.

Eng. French. | Eng. French. | Eng. French.
1 I.014 34 34.471 6 67.928
2 2028 ] 35 35.485 6 68.942
3 3.042 | 36 36.499 | 69 69.956
4 4.055 3 37.512 [ 70 70.969
g 5.069 3 38.526 71 71.983

6.083 39 39.540 72 72.997
Z 7.097 40 40.554 73 74.011

8.111 41 41.568 74 75.025
9 9 I25 42 42.582 7 76.039
10 10.138 43 43.596 7 77.053
11 II.152 44 44.609 7 78.066
12 12.166 4 45.623 7 79.080
13 13.180 4 46.637 9 80.094
14 14.194 4 47.651 0 81.108
7 15.208 4 48.665 81 82,122
b 16.222 49 49.679 82 83.136
1 17.235 50 50.692 83 84.150
1 18.249 51 51,706 84 85.163
19 19.263 52 52.720 8 86.177
20 | 20.277 | 53 53.73¢4 | 8 87.191
21 21.291 54 54.748 8 88. 205
22 22 305 5 55.762 8 89.219
23 | 23.319 | 5 56.775 | 89 90.233
24 24.332 5 57.789 90 91 246
2 25.346 5 58.803 91 92.260
2 26.360 9 59.817 92 93 274
2 27.374 0 60.831 93 094.288
2 28.388 61 61.845 94 95.302
29 29.402 62 62.859 9 96.316
30 | 30.415 63 63.873 | 9 97.330
31 31.429 64 64.886 9 98.343
32 | 32 443 gg 65.900 | 9 99.357
33 | 33.457 66 914 § 99 | 100.371

K]




TABLE

OF

SQUARES, CUBES, SQUARE AND CUBE ROOTS
OF NUMBERS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.
b ¢ I 1 1.0000 1.0000
2 4 8 1.4142 [ I.2599
3 9 27 1.7321 1.4422
4 16 64 2.0000 1.5874
2 25 125 2.2361 1.7100

36 216 2.4495 1.8171
Z 49 343 2.6458 1.9129
64 512 2.8284 2.0000
9 81 729 3.0000 2.0801

10 100 1000 3.1623 2.1544

II 121 1331 3.3166 2.2240

12 144 1728 3.4641 2 2894

13 169 2197 3.6056 2.3513

14 196 2744 3.7417 2.4101

15 22§ 3375 3.8730 2.4662

16 256 4 4.0000 2.5198

1 289 4913 4.1231 2.5713

1 324 5832 4.2426 2.6207

19 361 6859 4.3589 2.6634

20 400 8000 4.4721 2.7144

34



SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.
21 441 9261 4.5826 2.7589
22 484 10648 4.6904 2.8020
23 529 12167 4.7958 2.8439
24 576 13824 4.8990 | 2.8845
2 625 15625 §.0000 2.9240
2 676 17576 5.0990 2.9625
2; 729 19683 5.1962 3.0000
2 784 21952 5.2915 3.0366
29 841 24389 5.3852 3.0723
30 9goo 27000 5.4772 | .3 1072
31 961 29791 5.5678 3.1414
32 1024 32768 5.6569 3.1748
33 1089 35937 5.7446 3.2075
34 1156 39304 5 8310 3.2396
3 1225 42875 5.9161 3.2711
3 1296 46656 6.0000 3.30I9
3 1369 50653 6.0828 3.3322
3 1444 54872 6.1644 3.3620
39 1521 59319 6.2450 | 3.3912
40 1600 64000 6,3246 3.4200
41 1681 68921 6.4031 3.4482
42 1764 74088 6.4807 3.4760
43 1849 79507 6.5574 3.5034
44 1936 85184 6.6332 | 3.5303
4 2025 91125 6.7082 3.5569
4 2116 97336 6.7823 3.5830
4 2209 103823 6.8557 3.6088
4 2304 110592 6.9282 3.6342
49 2401 117649 7.0000 3.6593
50 2500 125000 7.0711 3.6840
51 2601 132651 7.1414 3 7084
52 2704 140608 7.2111 3.7325
53 2809 148877 7.2801 3.7563
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.
54 2916 157464 7.3485 3.7798
3 3025 166375 7.4162 3.8030
5 3136 175616 7.4833 3.8259
5 3249 185193 7-5498 3.8485
5 3364 195112 7.6158 3.8709
23 3481 205379 7.6811 3.8930
3600 216000 7.7460 3.9149
61 3721 226981 7.8102 3.9305
62 3844 238328 7.8740 | 3.9579
63 3969 250047 7-9373 3.9791
64 4 262144 8.0000 4.0000
6 4225 274625 8.0623 4.0207
6 4356 287496 8.1240 4.0412
6 4489 300763 8.1854 4.0615
6 4624 314432 8.2462 4.0817
69 4761 328509 8.3066 4.1016
70 4900 343000 8.3666 4.1213
71 5041 357911 8.4261 4.1408
72 5184 373248 8.4853 4.1602
73 5329 389017 8.5440 | 4.1793
74 5476 405224 8.6023 4 1983
7 5625 421875 8.6603 4.2172
7 5776 438976 8.7178 | 4.2358
7 5929 456533 8.7750 | 4 2543
7 6084 474552 8.8318 4.2727
9 6241 493039 8.8882 4.2908
0 6400 512000 8.9443 4.3089
81 6561 531441 9.0000 4.3267
82 6724 551368 9.0554 | 4.3445
83 6889 571787 9.1104 4.3621
84 7056 592704 9.1652 | 4.3795
gg 7225 614125 9.2195 4.3968
7396 636056 9.2736 4.4140
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' SQUARES, CUBES, SQUARE AND CUBE ROOTS.

\ No. | Squares. | Cubes. | Sq. Roots. | C. Roots.
8 7569 | 658503 9-3274 | 4.4310
8 7744 681472 9.3808 4.4471
. 89 7921 704969 9:4340 | 4.4647
) 90 8100 729000 g.4868 4.4814
91 8281 753571 9-5394 | 4.4979
92 8464 778688 9-5917 4.5144
93 8649 804357 9.6437 | 4.5307
94 8836 830584 9.6954 | 4.5468
9 9025 857374 9.7468 | 4.5629
9 9216 884736 9.7980 | 4.5789
9 9409 912673 9.-8489 | 4.5047
9 9604 941192 9 8995 | 4.6104
99 9801 970299 9 9499 | 4.6261
100 10000 1000000 10.0000 4.6416
101 10201 1030301 10.0499 4.6570

102 10404 1061208 10.0995 4.6723
10609 1092727 10.1489 4.6875
104 10816 1124864 10 1980 4 7027
lgg 11025 1157625 10.2470 4.7177
11236 1191016 10.2956 4.7326
Igg 11449 1225043 10.3441 4.7475
11664 1259712 10.3923 4 7622

109 11881 1295029 10.4403 4.7769
110 12100 1331000 10.4881 4.7914
III 12321 1367631 10.5357 4.8059
112 12544 1404928 10.5830 4.8203
r 113 12769 1442897 10 6301 4.8346
114 12996 1481544 10.6771 4.8488
II 13225 1520875 10.7238 4.8629
1I 13456 1560896 10.7703 4.8770
1 $4 13689 1601613 10.8167 4.8910
. Ix 13924 1643032 10.8628 4.9049
i 119 14161 1685159 10.9087 4.9187
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SQUARES, CUBES, SQUARE AND CUBE ROCTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

120 14400 1728000 10.9545 4.9324
121 14641 1771561 11.0000 4.9461
122 14834 1815848 11.0454 49597
123 15129 1860867 11.0905 4.9732
124 15376 1906624 11.1355 4.9866
1:2 15625 1953125 11.1803 5.0000

15876 2000376 11.2250 5.0I33
12 16129 2048383 11.2694 5.0265
12 16384 2097152 11.3137 5 0397
129 16641 2146689 11,3578 5.0528
130 16900 219’7000 11.4018 5.0658
131 17161 2248091 11.4455 5.0788
132 17424 2299968 IT 4891 5.0916

133 17689 2352637 11.5326 5.1045
134 17956 2406104 11.5758 5.1172
13 18225 2460375 11.6189 5.1299
13 18496 2515456 11.6619 5.1426
137 18769 2571353 11.7047 5-1551
138 19044 2628072 11.7473 5.1676
139 19321 - 2685619 11.7898 5.1801
140 19600 2744000 11.8322 5.1925
141 19881 2803221 11.8743 5.2048
142 20164 2863288 11.9164 5-2I71
143 20449 2924207 11.9583 5.2293
144 20736 2985984 12.0000 5.2415
14 21025 3048625 12,0416 5.2536
14 21316 3112136 12.0830 5.2656
14 21609 3176523 12.1244 5.2776
14 21904 3241792 12.1655 5.-2896
149 22201 3307949 12,2066 5.3015
150 22500 3375000 12.2474 5-3133
151 22801 3442951 12,2882 5.3251
152 23104 3511008 12.3288 5.3368
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

153 23409 3581577 12.3693 5 3485
154 23716 3652264 12.4097 5.3601

15 24025 3723875 12.4499 5.-3717
15 24336 3796416 12.4900 5.3832
15 24649 3869893 12.5300 5.3947
15 24964 3944312 12.5698 5.4061

159 25281 4019679 12.6095 5 4175
160 25600 4096000 12.6491 5.4288
161 25921 4173281 12.6886 5.4401
162 26244 4251528 12.7279 5.4514
163 26569 4330747 12.7671 5.4626
164 26896 4410044 12.8062 5.4737
xgg 27225 4492125 12.8452 5 4848

27556 4574296 12,8841 5.4959
16 27889 4657463 12.9228 5.5069
16 28224 4741632 12.9615 5.5178
169 28561 4826809 13.0000 5.5288
170 28900 4913000 13.9384 5.5397
171 29241 5000211 13.0767 5.5505
172 29584 5088448 13.1149 5.5613
173 29929 5177717 13.1529 5.5721
174 30276 5268024 13 1909 5.5828

17 30625 5359375 13.2288 5.5934
17 30976 5451776 13.2665 5.6041
17 31329 5545233 13.3041 5.6147
17 31684 5639752 13.3417 5.6252
179 32041 5735339 13.3791 5 6357
180 32400 5832000 13.4164 5.6462
181 32761 5929741 13.4536 5.6567

182 33124 6028568 13.4907 5.6071"
183 33489 6128487 13.5277 5.6774
184 33856 6229504 13.6647 5.6877
185 34225 6331625 13.6015 5 6980
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

186 34596 6434856 13.6382 5.7083
18 34969 6539203 13.6748 | 5.7185
18 35344 6644672 13.7113 | 5.7287
189 35721 6751269 13.7477 | 5.7388
190 36100 6859000 13.7840 - 5 7489
191 36481 6967871 13.8203 5.7590
192 36864 7077888 13.8564 5 7690
193 37249 7189517 13.8924 5.7790.
194 37636 7301384 13.9284 5.7890
Igg 38025 7414875 13.9642 5.7989

38416 7529536 14 0000 5.8088

19 38809 7645373 14.0357 5.8186
19 39204 7762392 14.0712 5.8285
199 39601 7880599 14.1067 5.8383
200 40000 8000000 14.1421 5.8480
201 40401 8120601 14.1774 5.8578

202 40804 8242408 14.2127 5.867s5
203 41209 8365427 14.2478 5.8771
204 41616 8489664 14.2829 5.8868

205 42025 8615125 14.3178 5.8g64
206 42436 8741816 14.3527 | 5.9050
20 42849 8869743 14.3875 5 9155
20 43264 8998912 14.4222 5 9250
209 43681 9129329 14 4568 5.9345
210 44100 9261000 14.4914 5.9439
211 44521 9393931 14.5258 5 9533

212 44944 9528128 14.5602 5.9627

213 45369 9663597 14.5945 5.9721
214 45796 9800344 14.6287 5.9814

21 46225 9938375 14.6629 5 9907 -
21 46656 10077696 14.6969 6.0000
21 47089 10218312 14.7309 6.0092
21 47524 10360232 _ 14.7648 6.0185
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

219 47961 10503459 14.7986 | 6.0277
220 48400 10648000 14.8324 6.0368
221 48841 10793861 14.8661 6.0459
222 49284 10941048 14 8997 6.0550
223 49729 11089567 14.9332 6.0641
224 50176 11239424 14.9666 6.0732
225 50625 11390625 15.0000 6.0824
226 51076 11543176 15.0333 6.0992
227 51529 11697083 15.0065 6.1002
228 51984 11852352 15 0997 6.1091
229 52441 12008989 15.1327 6.1180
230 52900 12167000 15.1658 6.1269
231 53361 12326391 15.1987 6.1358
232 53824 12487168 15,2315 6.1446
233 54289 12649337 15.2643
234 54756 12812904 15.2971

23 55225 12977875 15.3297 1710
23 55696 13144256 15.3623 1797
23 56169 13312053 15.3948 1885
23 56644 13481272 15.4272 1972

6

6

6

6

6

6

239 57121 13651919 15.4596 6

240 57600 13824000 15.491I9 6.
241 58081 13997521 15.5242 6.2231

. 242 58564 14172488 15.5563 6

243 59049 14348907 15.5885 | 6

244 50536 | 14526784 15.6205 | 6

24 60025 14706125 15.6525 6

24 60516 14886936 15.6844 6

247 61009 15069223 15.7162 6

248 61504 15252992 15.7480 6

249 62001 15438249 15 7797 6
250 62300 15625000 15.8114 6.2996
251 63001 15813251 15.8430 6.3080
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SQleRES, CUBES, SQUARE AND CUBE ROO1S.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

252 63504 16003008 15.8745 6.3164
253 64009 | 16194277 I5.9060 | 6.3247
254 64516 | 16387064 15.9374 | 6.3330

25 65025 16581375 15.9687 6.3413
25 65536 16777216 16,0000 6.3496
25 66049 | 16974593 16,312 | 6.3579
25 66564 17173512 16,0624 6.3661

259 67081 17373979 16,0935 | 6.3743
260 67600 17576000 16,1245 6.3825
261 68121 17779581 16,1555 6.3907
262 68644 17984728 16,1864 6.3988
263 69169 18191447 16,2173 6.4070
264 69696 | 18399744 16,2481 | 6.4151

26 70225 18609625 16,2788 6.4232
26 70756 18821096 16, 3095 6.4312
26 71289 19034163 16, 3401 6.4393
26 71824 19248832 16,3707 6.4473

269 72361 19465109 16,4012 | 6.4553
270 72900 | 19683000 16.4317 | 6.4633
271 73441 19902511 16, 4621 6.4713
272 73984 20123643 16.4924 | 6.4792
273 74529 | 20346417 16 5227 | 6.4872
274 75076 | 20570824 16,5529 | 6.4951

27 75625 20796875 16,5831 6.5030
27 76176 21024576 16,6132 6.5108
27 76729 | 21253933 16,6433 | 6.5187
27 77284 21484952 16,6783 6.5265
279 77841 | 21717639 16,7033 | 6.5343
280 78400 21952000 16.7332 6.5421
281 78961 22188041 16,7631 6.5499
282 79524 22425768 16.7929 6.5577
283 80089 22665187 16.8226 6 5654
284 80656 22906304 16.8523 6.5731
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SQUARES, CUBES,- SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

28 81225 23149125 16.8819
28 81796 23393656 16.9115
287 82369 23639903 16.9411
288 82944 23887872 16.9706
289 83521 24137569 17.0000
290 84100 24389000 17.0204
291 84681 24642171 17.0587
292 85264 24897088 17.0880
293 85849 25153757 17.1172

5808
5885
5962
-6039
.6115
6191
.6267
-6343
.6419

204 86436 25412184 17.1464 494
29 87025 25672375 17.1756 -6569
29 87616 25934836 17.2047 .6644
29 88209 26198073 17.2337 .6719
29 88804 26463592 17.2627 .6794
299 89401 26730899 17.2916 .6869
300 27000000 17.3205 .6943

. 7018

.7092
7166

Q0000
301 9o6orx 27270901 17.3494
302 Q1204 27543608 17.3781
303 91809 27818127 17.4069

304 92416 28094464 17.4356 .7240
30 93025 28372625 17.4642 .7313
3 93636 28652616 17.4929 7387
30 94249 28934443 17.5214 -7460
3 94864 29218112 17.5499

7533
7606

7679
7752

309 95481 29503609 17.5784
310 96100 29791000 17.6068
311 96721 30080231 17.6352
312 97344 | 30371328 17.6635
313 97969 | 30664297 17.6918
314 98596 | 30950144 17.7200
3 99225 31255875 17 7482 6.8041
31 99856 | 31554496 17.7764 | 6.8113
317 100489 31855013 17.8045 6.8185

o
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

318 101124 32157432 17.8326 6.8256
319 101761 32461759 17.8606 6.8328
320 102400 32768000 17.8885 6.8399
321 103041 33076161 17.9165 6.8470
322 103684 33386248 17.9444 6.8541
323 104329 33698267 17.9722 6.8612
324 104976 34012224 18.0000 6.8683
32 105625 34328125 18.0278 6.8753
32 106276 34645976 18.0555 6.8824
32 106929 34965783 18.0831 6.8894
32 107584 35287552 18.1108 6.8964
329 108241 35611289 18.1384 6.9034
330 108900 35937000 18.1659 6.9104
331 109561 36264691 18.1934 6.9174
332 110224 36594368 18.2209 6.9244
333 110889 36926037 18.2483 6.9313
334 111556 | 37259704 18,2757 | 6.9382
335 112228 37595375 18.3030 | 6.9451
336 112896 37933056 18.3303 6.9521
33 113569 | 38272753 18.3576 | 6.9589
33 114244 38614472 18,3848 6.9658
339 114921 38958219 18 4120 6.9727
340 115600 39304000 18,4391 6 9795
341 116281 39651821 18.4662 6.9864
342 116964 40001688 18.4932 6.9932
343 | 117649 | 40353607 18.5203 70000
344 118336 40707584 18.5472 7.0068
34 119025 41063625 18 5742 7.0136
34 119716 41421736 18,6011 7.0203
34 120409 41781923 18.6279 7.0271
34 121104 42144192 18.6548 7.0338
349 121801 42508549 18.6815 %7.0406
350 122500 42875000 18.7083 7.0473
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

Cubes.

No. | Squares. Sq. Roots. | C. Roots.
351 123201 43243551 18.7350 7.0540
352 123904 43614208 18.7617 | 7.0607°
353 | 124609 | 43986977 18.7883 7.0674
354 125316 44361864 18.8149 7.0740
35 126025 44738875 18.8414 7.0807
35 126736 45118016 18,8680 7.0873
35 127449 | 45499293 18.8944 7 0940
35 128164 45882712 18.9209 7.1006
359 128881 46268279 18.9473 7.1072"
300 129600 46656000 18.9737 7.1138
361 130321 47045831 19.0000 7.1204
362 131044 47437928 19.0263 |° 7.1269
363 131769 47832147 19.0526 7.1335
364 132496 48228544 19.0788 7.1400
365 | 133225 48627125 19.1050 7.1466
366 133956 49027896 19.131I 7.1531
363 134689 | 49430863 19.1572 | 7.1596
36 135424 | 49836032 19.1833 | 7.1661
369 136161 50243409 19.2094 7.1726
370 136900 50653000 19.2354 7.1791
371 137641 51004811 19.2614 7.1855
372 138384 51478848 19.2873 7.1920°
373 139129 51895117 19.3132 7.1984
374 139876 52313624 19.3391 '7.2048
37 140625 52734375 19.3649 | 7.2112
37 141376 53157376 19.3907 7.2177
37 142129 53582633 19.4165 7.2240
37 142884 54010152 19.4422 7.2304
379 143641 54439939 19.4679 7.2368
380 144400 54872000 19.4936 7.2432
381 145161 55306341 19.5192 7.2495
382 | 145924 | 55742968 19.5448 | 7.2558
383 146689 56181887 19.5704 7.2622
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

384 147456 | 56623104 19.5959 | 7.2685
385 148225 57066625 19.6214 .2748
386 148996 57512456 19.6469 .2811
38g 149769 | 57960603 19.6723 .2874

150544 58411072 19.6977 .2936
389 151321 58863869 19.7231 .2999
350 152100 59319000 19.7484 . 3061
391 152881 59776471 19.7737 -3124
392 153664 60236288 19.7990 .3186
393 | 154449 | 60698457 19.8242 3248
394 155236 | 61162984 19.8494
395 156025 61629875 19.8746
390 156816 62099136 19.8997
39 157609 | 62570773 19.9249
39 158404 | 63044792 19.9499

399 159201 63521199 19.9750 3619
400 160000 64000000 20.0000 3681
401 160801 64481201 20.0250 3742

402 161604 64964808 20.0499
403 162409 65450827 20.0749
404 163216 65939264 20.0998
40 164025 66430125 20.1246
40 164836 | 066923416 20.1494 | 7.4047
40 165649 67419143 20.1742 7.4108
4 166464 67917312 20.1990 7.4169
409 167281 68417929 20.2237 7.4229
410 168100 68921000 20.2485 7.42g0
411 168921 69426531 20.2731 7.4350
412 169744 69934528 20.2978 7.4410
413 170569 70444997 20.3224 7-4470
414 171396 70957944 20.3470 7.4530
415 172225 71473375 20.3715 7.4590
416 173056 71991296 20.3961 7.4650
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

41 173889 72511713 20.4206
41 174724 73034632 20.4450
419 175561 73560059 20.4695
420 176400 74088000 20.4939
421 177241 74618461 20.5183
422 178084 75151448 20.5426
423 178929 75686967 20.5670

424 179776 76225024 20.5913 5126
42 180625 76765625 20.6155 5185
4 181476 | 77308776 20.6398 5244

42 183184 78402752 20.6882
429 184041 78953589 20.7123
430 184900 | 79507000 20.7364
431 185761 80062991 20.7605
432 186624 80621558 20.7846
433 187489 81182737 20.8087
434 188356 81746504 20.8327
43 189225 82312875 20.8567
43 190096 82881856 20.8806
43 190969 | 83453453 20.9045
43 191844 84027672 20.9284
439 192721 84604519 20.9523 %7.6001
440 193600 85184000 20.9762 7.6059
441 194481 85766121 21.0000 7.6117
442 195364 86350888 21.0238 7.6174
443 196249 | 86938307 21.0476 | 7 6232
444 197136 87528384 21,0713 7.6289
44 198025 88121125 21.0950 7.6346
44 198916 88716536 21.1187 7.6403
44 199809 89314623 21.1424 7.6460
44 200704 89915392 21.1660 7.6517
449 201601 90518849 21.1896 7.6574

7
7
7
7
7
7
7
7
;

42 182329 77854483 20.6640 7.5302
7
7
7
7
7
7
7
7
7
7
7
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.
450 202500 QII25000 21.2132 7.6631
451 203401 91733851 21.2368 7.6688
452 204304 92345408 21.2603 7.6744
453 205209 92959077 21.2838 7.6801
454 |. 206116 93576664 21.3073 7.6857
45 207025 94196375 21.3307 7-6914
45 207936 94818816 21.3542 7 6970
45 208849 95443993 21.3776 7-7026
45 209764 | 96071912 21.4009 | 7.7082
459 210681 96702579 21.4243 7.7188
460 211600 97336000 21 4476 7.7104
461 212521 97972181 21.4709 7.7250
462 213444 98611128 21.4942 7.7300
463 | 214369 | 99252847 21.5174 7.7362
464 | 215296 | 99897344 21.5407 7.7418
465 216225 100544625 21.5639 7.7473
466 217156 | 101194696 21.5870 7.7529
4GZ 218089 | 101847563 21.6102 7.7584
46 219024 | 102503232 21.6333 7.7639
469 219961 103161709 21.6564 7.7695
470 220900 | 103823000 21 6795 7.51750
471 221841 104487111 21.7025 7 7805
472 222784 105154048 21.7256 7.7860
473 223729 | 105828817 21.7486 7.7915
474 224676 | 106496424 21.7715 7-7970
47 225625 107171875 21.7945 7.8025
47 226576 107850176 21.8174 7.8079
47 227529 | 108531333 21.8403 7.8134
47 228484 109215352 21.8632 7.8188
479 2209441 109902239 21.8861 7.8243
480 230400 | 110592000 21.9089 7.8297
481 231361 111284641 21.9317 7.8352
482 232324 111980168 21.9545 7.8406
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

483 233289 | 112678587 21.9773 7.8460
484 234256 113379904 22.0000 7.8514
48% 235225 114084125 22.0227 7.8568

236196 114791256 22 0454 7.8622
487 237169 | 115501303 22.0681 7.8676
488 238144 | 116214272 22.0907 7.8730
489 239121 116930169 22.1133 7.8784
490 240100 | 117639000 22.1359 7.8837
491 241081 118370771 22.1585 7.8891
492 242064 119095488 22 1811 7.8034
493 243049 119823157 22.2036 7.8998
494 244036 | 120553784 22.2261 7.9051
49 245025 121287375 22.2486 7.9105
49 246016 | 122023936 22,2711 7.9158
497 247009 | 122763473 22.2935 7 9211
498 248004 | 123505992 22.3159 7.9264
499 249001 | 124251499 22.3383 7-9317
500 250000 | 125000000 22.3607 7.9370
501 251001 125751501 22.3830 7.9423
502 252004 126506008 22.4054 7.9476
503 253c09 | 127263527 22 4277 7.9528
504 254016 | 128024064 22.4499 7.9581
50 255025 | 128787625 22 4722 7.9634
50 256036 | 1209554216 22.4944 7.9686
507 257049 | 130323843 22.5167 7-9739
508 258004 | 131096512 22.5389 7.9791
509 259081 131872229 22.5610 7.9843
510 260100 | 132651000 22.5832 7.9895
511 261121 133432831 22.6053 7.9948
512 262144 134217728 22.6274 8.0000
513 263169 135005697 22 6495 8.0052
514 264196 | 135796744 22.6716 8.0104
515 265225 136590875 22.6936 8.0156
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

Cubes.

No. | Squares. Sq. Roots. | C. Roots.
516 266256 | 137388096 22.7156 8.0208
51 267289 | 138188413 22.7376 8.0260
51 268324 | 138991832 22.7596 8.0311
519 269361 139798359 22.7816 8 0363
520 270400 | 140608000 22.8035 8 o415
521 271411 141420761 22.8254 8.0466 -
522 272484 | 142236648 22.8473 8.0517
523 | 273529 | 143055667 22.8692 | 8.0569
524 274576 | 143877824 22.8910 8.0620
525 275625 | 144703125 22.9129 8.0671
526 | 276676 | 145531576 22.9347 8.0723
52 277729 | 146363183 22.9565 8.0774
52 278784 | 147197952 22 9783 8.0825 .
529 279841 | 148035889 23 0000 8.0876
530 280900 | 148877001 23.0217 8.0927
531 281961 149721291 23.0434 8.0978
532 283024 150568768 23.0651 8.1028
533 284089 | 151419437 23.0868 8.1079
534 285156 | 152273304 23.1084 8.1130
535 286225 | 153130375 23.1301 8.1180
536 287296 | 153990656 23.1517 8.1231
53 288369 | 154854153 23.1733 | 8.1281
53 289444 | 155720872 23.1948 | 8.1332
539 290521 | 156590819 23.2164 8.1382
540 | 291600 | 157464000 23.2379 | 8.1433
541 292681 | 158340421 23.2594 8.1483
542 293764 | 159220088 23.2809 8,1533
543 | 204849 | 160103007 23.3024 | 8.1583
544 | 295936 | 160989184 23.3238 | 8.1633
54 297025 | 161878625 23.3452 8.1683
54 298116 | 162771336 23,3666 8.1733
54 299209 | 163667323 23.3880 8.1783
54 300304 | 164566592 23.4094 | 8.1833
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SQUARES, CUBES, .SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.
549 301401 165469149 23.4307 8.1882
550 302500 | 166375000 23.4521 8.1932
551 303601 167284151 23.4734 8.1982
552 304704 | 168196608 23.4947 8.2031
553 305809 | 169112377 23.5160 8.2081
554 306916 | 170031464 23.5372 8.2130
55 308025 | 170953875 23 5584 8.2180
55 309136 | 171879616 23.5797 8.2229
55 310249 | 172808693 23.6008 8.2278
55 311364 | 173741112 23 6220 8.2327
559 312481 | 174676879 23.6432 8.2377
560 313600 | 175616000 23.6643 |. 8.2426
561 314721 | 176558481 23.6854 8.2475
562 | 315844 | 177504328 23.7065 8.2524
563 316969 | 178453547 |- 23.7276 8.2573
564 318096 | 179406144 23.7487 8.2621
565 319225 180362125 23.7697 8.2670
566 320356 | 181321496 23.7908 8.2719
56 321489 | 182284263 23.8118 8.2768
5 322624 | 183250432 23.8328 8.2816
569 323761 184220009 23 8537 8.2865
570 324900 | 185193000 23.8747 8.2913
571 326041 186169411 23.8956 8.2962
572 327184 | 187149248 23.9165 8.3010
573 328329 | 188132517 23.9374 8.3059
574 | 320476 | 189119224 23.9583 | 8.3107
57 330625 [ 190109375 23.9792 8.3155
57 331776 | 191102976 24.0000 8.3203
57 332927 | 192100033 24.0208 8.3251
57 334084 | 193100552 24.0416 8.3300
579 335241 | 194104539 24.0624 8.3348
580 336400 | 195112000 24.0832 8.3396
581 337561 196122941 24.1039 8.3443
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.
582 | 338724 | 197137368 24.1247 | 8.3491
583 | 339889 | 198155287 24.1454 | 8.3539
584 331056 | 199176704 24 1661 8.3587
58 g 342225 | 200201625 24.1868 8.3634
58 343396 | 201230056 24.2074 8.3682
58 344569 | 202262003 242281 8.3730
58 345744 | 203297472 24.2487 | 8.3777
589 | 346921 | 204336469 24.2693 | 8.3825
590 348100 205379000 24.2899 8.3872
591 349281 | 206425071 24.3105 8.3919
592 | 350464 | 207474688 24.3311 8.3967
593 | 351649 | 208527857 24.3516 | 8.4014
594 352830 | 209584584 24.3721 8. 4061
59 354025 | 210044875 24.3926 8.4108
59 355216 | 211708736 24.4131 8.4155
59 356409 | 212776173 24.4336 | 8 4202
59 357604 | 213847192 244540 8.4249
99 | 358801 | 214921799 24.4745 | 8.4290
00 360000 | 216000000 24.4949 8.4343
601 361201 | 217081801 24.5153 8.4390
602 362404 | 218167208 24.5357 8.4437
603 363609 | 219256227 24 5561 8.4484
604 364816 | 220348864 24 5764 8.4530
60 366025 | 221445125 24.5967 8.4577
6 367236 | 222545016 24.6171 8.4623
60 368449 | 223648543 24.6374 | 8.4670
6 369064 | 224735712 24.6577 | 8.4716
609 370881 | 225866529 24.6779 8.4763
610 372100 | 226981000 24.6982 8.4809
611 373321 | 228099131 24.7184 8.4856
612 374544 | 229220928 24.7386 8.4902
613 | 375769 | 230346397 24.7588 | 8.4948
614 | 376996 | 231475544 24.7790 | 8.4994
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SQUARES, CUBES, SQUAkE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

615 378225 232608375 24.7992
616 | 1379456 | 233744896 24.8193
617 380089 | 234885113 24.8395
618 381924 | 236029032 24.8596
619 383161 | 237176659 24.8797
620 384400 | 238328000 24.8998
621 385641 | 239483061 24.9199
622 386884 | 240641848 24.9199
623 388129 | 241804367 24.9600
624 389376 | 242970624 24.9800
62 300025 | 244140625 25.0000
62 391876 | 245314376 25.0200
62 393129 | 246491883 25.0400
62 304384 | 247673152 25.0599
629 395641 | 248858189 25.0799
630 396900 | 250047000 25.0998
631 398161 | 251239591 25.1197
632 | 399424 | 252435968 25.1396
© 633 | 400089 | 253636137 25.1595
634 | 401956 | 254840104 25.1794
635 | 403225 | 256047875 25.1992
636 | 404496 | 257259456 25.2190
63 405769 | 258474853 25.2389
63 407044 | 259694072 25.2587
639 408321 | 260917119 25.2784
640 409600 | 262144000 25.2982
641 410881 | 263374721 25.3180
642 412164 | 264609288 25.3377 8.6267
643 | 413449 | 265847707 25.3574 | 8.6312
644 | 414736 | 267089984 25.3772 | 8.6357
645 416125 | 268336125 25.3969 8.6401
646 417316 | 269585136 25.4165 8 6446
647 418609 | 270840023 25.4362 8.6490

5040
5086
L5132
5178
5224
.5270
.5316
.5362
. 5408
5453
+5499
-5544
-5590
-5635
.5681
.5726
-5772
.5817
.5862
5907
5952
-5997
.6043
.6088
.6132
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

.6535
6579
6624
.6668
.6713
.6757
6801
6845
6890
6934
.6978
7022
. 7066
7110
7154
.7198
7241
.7285
+7329
7373
.7416
.7460
+7503
7547
- 7590
.7634
.7677
L7721
-7764
. 7807
.7850
-7893
-7937

648 | 419904 | 272097792 25.4558
649 | 421201 | 273350449 25.4755
650 422800 | 274625000 25.4951
651 423801 | 275804451 25.5147
652 425104 | 277167808 25.5343
653 | 426409 | 278445077 25.5539
654 427716 | 279726264 25.5734
65 429025 | 281011375 25.5930
65 430336 | 282300416 25.6125
657 | 431639 | 283593393 25.6320
658 | 432964 | 284890312 25.6515
659 434281 286191179 25.6710
660 435600 | 287496000 25.6905
661 436921 | 288804781 25.7099
662 | 438244 | 290117528 25.7294
663 | 439569 | 291434247 25.7488
664 | 440896 | 292754944 25.7682
66 442225 | 294079625 25.7876
66 443556 | 295408296 25.8070
66 444899 | 296740963 25.8263
66 446224 | 298077632 25.8457
669 447561 299418309 25.8650
670 448900 | 300763000 25.8844
671 450241 | 30211171X 25.9037
672 | 451584 | 303464448 25.9230
673 452929 | 304821217 25.9422
674 | 454276 | 300182024 25.9615
67 455625 | 307546875 25.9808
67 456976 | 308915776 26.0000
67g 458329 310288733 26.0192

459684 | 311665752 26.0384
679 461041 313046839 26.0576
680 462400 | 314432000 26.0768

OO 00 OO G0 00 00 0O 00 OO OO0 OO 0O OO OO OO 00 OO OO 00 O OO OO OO QO OO GO GO OO QD OO0 00 OO QO
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

681 463761 | 315821241 26.0960
682 465124 | 317214568 26.1151
683 466489 | 318611987 26.1343
684 | 467856 | 320013504 26.1534
68 469225 | 321419125 26.1725
68 470596 | 322828856 26.1916
68 471969 | 324242703 26.2107
688 ' 473344 | 325660672 26.2298
689 474721 | 327082769 26.2488
690 476100 | 328509000 26.2679
691 477481 | 329939371 26.2869
692 478864 | 331373888 26. 3059
693 480249 | 332812557 26.3249
694 481636 | 334255384 26.3439
692 483025 | 335702375 26.3629

484416 | 337153536 26.3818
69g 485809 | 338608873 26. 4008

487204 | 340068392 26.4197
699 488601 | 341532099 26.4386
700 490000 | 343000000 26.4575
701 491401 344472101 26.4764
702 492804 | 345948408 26.4953
703 494209 347428927 26.5141
704 495616 | 348913664 26.5330
70. 497025 | 350402625 26.5518
70 498436 | 351895816 26.5707
70 499849 | 353393243 26.5895
7 501264 | 354894912 26.6083 8.9127
709 502681 | 356400829 26.6271 8.9169
710 504100 | 357911000 26.6458 8.g211
711 505521 | 3509425431 26 6646 8.9253
712 500044 | 360944128 26.6833 8.9295
713 508369 | 362467097 26.7021 8.9337

.7980
8023
8066
.8109
8152
8194
8237
.8280
.8323
.8366
8408
.8451
-8493
.8536
.8578
. 8621
.8663
.8706
8748
.8790
8833
.8875
8917
-8959
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55



SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

714 509796 | 363994344 26.7208 8.9378
71 511225 | 365525875 26.7395 8.9420
71 512656 | 367061696 26.7582 8.9462
717 514089 | 368601813 26.7769 8.9503
718 | 515524 | 370146232 26.7955 | 8 9545
719 516961 | 371694959 26.8142 | 8.9587
720 518400 | 373248000 26.8328 8.9628
721 519841 | 374805361 26.8514 8.9670
722 521284 | 376367048 26.8701 8.9711
723 | 522729 | 377933067 26.8887 | 8.9752
724 | 524176 | 379503424 26.9072 | 8.9794
72 525625 | 381078125 26.9258 8.9835
72 527076 | 382657176 26.9444 8.9876
727 528529 | 384240583 26.9629 8.9918
728 529984 | 385828352 26.9815 8.9959
729 531441 | 387420489 27.0000 9.0000
730 532900 | 389017000 27.0185 9.0041
731 534361 | 390617891 27.0370 | 9.0082
732 535824 | 392223168 27.0555 9.0123
733 | 537289 | 393832837 27.0740 | 9.0164
734 538756 | 395446904 27 0924 9.0205
735 540225 | 397065375 27.1109 | 9.0246
736 541696 | 398688256 27.1293 9.0287
737 | 543169 | 400315553 27.1477 | 9.0328
738 | 544644 | 401947272 27.1662 | 9.0369
739 546121 | 403583419 27.1846 9.0410
740 547600 | 405224000 27.2029 9.0450
741 549801 406869021 27.2213 9.0491
742 | 550564 | 408518488 27.2397 | 9.0532
743 | 552049 | 410172407 27.2580 | 9.0572
744 553536 | 411830784 27.2764 | 9.0613
745 555025 | 413493625 27.2047 9 0654
746 | 556516 | 415160936 27.3130 | 9.0694
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

747 | 558009 | 416832723 27.3313 | 9.0735
748 | 559504 | 418508992 27.3496 | 9.0775
749 561001 420189749 27.3679 9.0816
750 562500 | 421875000 27.3861 9.0856
751 564001 | 423564751 27.4044 | 9.0896
752 565504 | 425259008 27.4226 9.0937
753 567009 | 426957777 27.4408 9 0977
754 568516 | 428661064 27.4591 1017
75 570025 | 430368875 27.4773 .1057
75 571536 | 432081216 27.4955 1098
75 573049 | 433798093 27.5136 -1138
75 574564 | 435519512 27.5318
759 576081 | 437245479 27.5500
760 | 577600 | 438976000 -27.5681
761 579121 | 440711081 27.5862
762 | 580644 | 442450728 27.6043
763 | 582169 | 444194947 27.6225
764 | 583696 | 445943744 27.6405
765 | 585225 | 447697125 27.6586
7606 | 586756 | 449455096 27.6767
76; 588289 | 451217663 27.6948

589824 | 452984832 27.7128
769 | 591361 | 454756609 27 7308
770 592900 | 456533000 27.7489
77t 504441 | 458314011 |- 27.7669
772 595984 | 460c99648 27.7849
773 597529 | 461889917 27.8029
774 599076 | 463684824 27.8209
77 600625 | 465484375 27.8388
77 602176 | 467288576 27.8568
77 603729 | 469097433 27.8747
77 605284 | 470910952 27.8927
779 | 606841 | 472729139 27.9106
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SQUARES, CUBEé, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

780 608400 | 474552000 27.9285
781 | 609961 | 476379541 27.9464
782 611524 | 478211768 27.9643
783 613089 | 480048687 27.9821
784 614656 | 481890304 28.0000
782 616225 | 483736625 28.0179
617796 | 485587656 28.0357

78 619369 | 487443403 28.0535
78 620944 | 489303872 28.0713
789 622521 | 491169069 28.0891
790 624100 | 493039000 28. 1069
791 625681 | 494913671 28.1247
792 | 0627624 | 496793088 28.1425
793 | 628849 | 498677257 28.1603
794 630436 | 500566184 28.1780
79 632025 | 502459875 28.1957
79 633616 | 504358336 28.2135
79 635209 | 506261573 28.2312
79 636804 | 508169592 28.2489
99 638401 510082399 28.2666
00 640000 | 512000000 28,2843
8or 641601 | 513922401 28.3019

.2052
.2091
.2130
.2170
2209
.2248
.2287
.2326
.2365
<2404
12443
.2482
.2521
.2560
.2599
.2638
.2677
.2716
<2754
+2793
.2832
2870

802 515849608 28,3196 2909
803 517781627 28.3373 .2948
804 519718464 28.3549 -2986
8o 521660125 28.3725 3025
80 523606616 28. 3901 .3063
80 525557943 28.4077 3102
8o —pmvwr | 527514112 28.4253 .3140

809 654481 | 529475129 28.4429
810 656100 | 531441000 284605
811 657721 533411731 28.4781
812 659344 | 535387328 28.4956

3179
3217
-3255

=]
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

813 | 660969 | 537367797 28.5132 | 9.3332
814 | 662596 | 539353144 28.5307 | 9.3370
81 664225 | 541343375 28 5482 | 9.3408
81 665856 | 543338496 28.5657 | 9.3447
81 667489 | 545338513 28.5832 | 9.3485
81 669124 | 547343432 28.6007 | 9.3523
819 670761 | 549353259 28.6182 |- 9.3561
820 672400 | 551368000 28.6356 9-3599
821 674041 | 553387661 28.6531 9 3637
822 | 675684 | 555412248 28.6705 | 9-3675
823 | 677329 | 557441767 28.6880 | 9.3713
824 678976 | 550476224 28.7054 9.3751
82 680625 | 561515625 28,7228 9.3789
82 682276 | 563559976 28 7402 9.3827
827 683929 | 565609283 28.7576 9+3865
828 685584 | 567663552 28.7750 9.3902
829 687241 | 569722789 28 7924 9.3940
830 688goo | 571787000 28.8097 9.3978
831 690561 | 573856191 28.8271 9.4016
832 | 692224 | 575930368 28.8444 | 9.4053
833 | 693889 | 578009537 28.8617 | 9.4091
834 | 695556 | 580093704 28.8791 | 9.4129
833 697225 | 582182875 28 8964 9.4166
3 698895 | 584277056 28 9137 9.4204
83; 700569 | 586376253 28.9310 | 9.4241
3 702244 | 588480472 28.9482 9.4279
839 | 703921 | 590589719 28.9655 | 9.4316
840 705600 | 592704000 28.9828 9.4354
841 707281 | 594823321 29.0000 9.4391
842 | 708964 | 596947688 29.0172 | 9.4429
843 | 710049 | 509077107 20.0345 | 9.4466
844 712336 | 601211584 29.0517 9.4503
845 | 714025 | 603351125 29.0089 | 9.4541
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

846 | 715716 | 605495736 29.0861 | 9.4578
847 717409 | 607645423 29.1033 9.4615
848 719104 | 609800192 29.1204 9.4652
849 720801 | 611960049 29.1376 9.4690
850 722500 | 614125000 29.1548 9-4727
851 724201 | 616295051 29.1719 9.4764
852 725904 | 618470208 29.18g0 9.4801
853 | 727609 | 620650477 29.2062 | 9.4838
854 | 729316, | 622835864 29.2233 | 9-4875
853 731025 | 625026375 29.2404 | 9-4912
85 732736 | 627222016 29-2575° | 9-4949

85; 734449 | 629422793 29-2746 | 9.4986
736164 631628712 29.2916 9.5023
859 | 737881 | 633839779 29.3087 | 9.5060
860 739600 | 636056000 29.3258 9.5097
861 731321 | 638277381 29-3428 9.5134
862 | 743044 | 640503928 29.3598 | Q.5I7I
863 | 744769 | 642735647 29-3769 | 9.5207
864 | 746496 | 644972544 29.3939 | 9-5244
86 748225 | 647214625 29.5109 9.5281
86 749956 | 649461896 29.4279 | 9-5317
86 751689 | 651714363 29:4449 | 9-5354
86 753424 | 653972032 29.4618 | 9.539I
869 | 755161 | 656234909 29.4788 | 9.5427
870 | 756900 | 658503000 29.4958 | 9.5464
871 758641 | 660776311 29.5127 9.550L
872 | 760384 | 663054848 29.5296 | 9.5537
873 | 762129 | 665338617 29.5466 | 9.5574
874 763876 | 667627624 29.5635 9.5610
875 | 765625 | 669921875 29.5804 | 9 5647
876 | 767376 | 672221376 29.5973 | 9.5683
87; 769129 | 674526133 29.6142 | 9.571I9
7 770884 | 676836152 29.6311 9.5756
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

8;9 772641 | 679151439 29.6479 | 9.5792
880 774400 | 681472000 29.6648 9.5828
881 776161 | 683797841 29.6816 9.5865
882 777924 | 686128968 29.6985 9.590L
883 | 779689 | 688465387 29.7153 | 9.5937
884 | 781456 | 6gobo7104 |  29.7321 | 9.5973
88 783225 | 693154125 29.7489 [ 9.6o10
88 784996 | 695500456 29.7658 9.6046
88 786769 | 697864103 29.7825 9.6082
88 788544 | 700227072 29.7993 9.6118
889 790321 | 702595369 29.8161 9.6154
890 792100 | 704969000 29.8329 9.6190
891 793881 | 707347971 29.8496 | 9.6226
8902 795664 | 707932288 29.8664 9 6262
893 | 797449 | 712121957 29.8831 | 9.6298
894 | 799236 | 714516984 29.8998 | 9.6334
89% 8o1025 | 716917375 29.9166 9.6370
) 802816 | 719323136 29.9333 9.6406
89 804609 | 721734273 29.9500 | 9.6442
8 806404 | 724150792 29.9666 9.6477
899 808201 | 726572699 29 9833 9.6513
900 810000 | 729000000 30.0000 9.6549
9o1 811801 731432701 30 0167 9.6585
902 813604 | 733870808 30.0333 9.6620
903 | 815409 | 736314327 30.0500 | 9.6656
904 817216 | 738763264 30.0666 9.6692
905 819025 741217625 30.0832 9.6727
906 820836 | 743677416 30.0998 9.6763
90 822649 | 746142643 30.1164 9.6799
90Z 824464 | 748613312 30.1330 9.6834
909 826281 | 751089429 30.1496 9.6870
910 828100 | 753571000 30.1662 9.6905
911 829921 756058031 30.1828 9.6041
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.
912 | 831744 | 758550825 30.1993 | 9.6976
913 | 833569 | 761048497 30.2159 | 9.7012
914 835396 | 763551944 30.2324 9.7047
91 837225 766060875 30.2490 9.7082
91 839056 | 768575296 30.2655 | 9 7118
91 840889 | 771095213 30.2820 9.7153
91 842724 | 773620632 30.2985 9.7188
919 | 844561 | 776151559 30.3150 | 9.7224
920 846400 | 778688000 30.3315 9.7259
921 848241 781229961 30.3480 9.7294
922 | 850084 | 783777448 30.3645 | 9.7329
923 851929 | 786330467 30.3809 9.7364
924 | 853776 | 788889024 30.3974 | 9.7400
92 855625 | 791453125 30.4138 9.7435
92 857476 | 794022776 30.4302 | 9.7470
92 859329 | 796597983 30.4467 | 9.7505
92 861184 | 799178752 30.4631 9.7540
929 863041 | 801765089 30.4795 9.7575
930 | 864900 | 804357000 30.4959 | 9.7610
931 860761 | 806954491 30.5123 | 9.7645
932 868624 | 809557568 30.5287 9.768)>
933 870489 | 812166237 30.5450 | 9.7715
934 872356 | 814780504 30,5614 9.7750
93 874225 | 817400375 30.5778 | 9.7785
93 876096 | 820025856 30.5041 9.7829
93 877969 | 822656953 30.6105 9 7854
93 879844 825293672 30.6268 9.788¢
939 881721 827936019 30.6431 9.7824
940 | 883600 | 830584000 30.65094 | 9.7959
941 | 885481 | 833237621 30.6757 | 9.7993
942 887364 | 835896888 30.6920 9.8028
943 889249 | 838561807 30.7083 9.8063
944 891136 841232384 30.7246 9.8097
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

94 893025 | 843908625 30.7409 9-8132
94 894916 | 846590536 30.7571 9.8167
94 896808 | 849278123 30.7734 9.8201
94 898704 | 851971392 30.7896 | 9.8236
goobor | 854670349 30.8058 9.8270

950 902500 | 857375000 30.8221 9.8305
951 904401 | 860085351 30.8383 | 9.8339
952 906304 | 862801408 30.8545 9.8374
953 | 9goB209 | 865523177 30.8707 | 9.8408
954 910116 | 868250664 30.8869 9.8443
95 912025 | 870983875 30.9031 | 9.8477
95 913936 | 873722816 30.9192 9.8511
95 915849 | 876467493 30.9354 | 9.8546
95 917764 | 879217912 30.9516 9.8580
959 | 919681 | 881974079 30.9677 | 9.8614
960 921600 | 884736000 30.9839 9.8648
961 923521 | 887503681 31.0000 9.8683
962 925444 | 890277128 3I.0161 9.8717
963 | 927369 | 893056347 3r1.0322 | 9.87sI
964 | 929296 | 895841344 31.0483 | 9.8785
96, 931225 | 898632125 31.0644 9.8819
9 933156 | 901428696 31.0805 | 9.8854
96; 935089 | 904231063 31.0966 9.8888
6 937024 | 907039232 31.1127 9.8922

969 | 938961 | gog8s3209 31.1288 | 9.8956
970 940900 | 912673000 31.1448 9.8990
971 942841 | 915498611 31.1609 9.9024
972 | 944784 | 918330048 31.1769 | 9.gos8
973 | 046729 | 921167317 31.1929 | 9.9092
974 948676 | 924010424 31.2090 9.9126
97 950625 | 926859375 31.2250 | 9.9160
97 952576 | 929714176 31.2410 |- 9.9I94
977 | 954529 | 932574833 31.2570 | 9.9227
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.
978 | 056484 | 935441352 | 3I.2730 | 9.926I
979 | 958441 938313739 | 31.28g0 | 9.9295
980 | 960400 941192000 31.3050 9.9329
981 [ 962361 944076141 3I.3209 9.9363
982 | 964324 | 946966168 | 31.3369 | 9.9396
983 | 966289 949862087 31.3528 9.9430
984 | 968256 | 952763904 | 31.3688 | 9.9464
985 | 970225 955671625 31.3847 9-9497
986 | 972196 | 958585256 | 31 4006 | 9.953I
987 | 974169 | 961504803 31.4166 | 9.9565
988 | 976144 | 964430272 31.4325 9.9598
989 | 978121 | 967361669 | 31.4484 | 9.9632
990 | 980100 970299000 31.4643 9.9666
99I | 982081 973242271 31.4802 9.9699
992 | 984064 | 976191488 31.4960 9.9733
993 | 986049 | 979146657 31.8119 | 9.9766
994 | 988036 982107784 31.5278 9.9800
99 990025 985074875 31.5436 0.9833
990 | 992016 | 988047936 |  3I.5595 9.9866
997 | 994009 | 991026973 31.5753 | 9.9900
993 | 996004 | 9940IIg9z |  3I.5QII | 9.9933
999 | 998001 | 997002999 | 31.6070 | 9.9967

1000 | 1000000 | 1000000000 31.6228 | I0.0000

I00I | 1000201 1003003001 31.6386 10.0033

1002 | 1004004 | 1006012008 31.6544 | 10.C067

1003 | I 1009027027 31.6702 | 10.0100

1004 | 1008016 1012048064 31.6860 | 10.0133

1005 [ 1010025 | 1015075125 31.7017 | 10.0166

1006 | 1010036 | 1018108216 3I.7175 10,0200

1007 | 1014049 | 1021147343 31.7333 | 10.0233

1008 | 1016064 | 1024192512 31 7490 | 10 0266

1009 | 1018081 1027243729 31.7648 10.0299

1010 | 1020100 | 1030301000 31.7805 | 10.0332
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SQUARES, CUBES, SQUARE AND CUBE ROOTS.

No. | Squares. Cubes. Sq. Roots. | C. Roots.

I0II [ 1020I2I 1033364331 31.7962 10.0365
I0I2 | 1024144 | 1036433728 31.8119 | 10.0398
1013 | 1026169 1039509197 31.8277 10.0431
1014 | 1028196 1042590744 31.8434 | 10.0465
101 1030225 1045678375 31.8591 10.0498
101 1032256 | 1048772096 31.8748 10.0531
1017 | 1034289 | 1051871913 31.8904 | I0 0563
101 1036324 1054977832 31 9ob1 10.05g96
1019 | 1038361 1058089859 31.9218 10.0629
1020 | 1040400 1061208000 31.9374 10.0662
1021 | 1042441 | 1064332261 31.9531 | 10.0695
1022 | 1044484 | 1067462648 31.9687 10.0728
1023 | 1046529 | 1070599167 31.9844 | 10.0761
1024 | 1048576 1073741824 32.0000 | 10.0794
1025 | 1050625 | 1076890625 32.0156 10.0826
1026 | 1052676 | 1080045576 32.0312 | 10.0859
1027 | 1054729 1083206683 32.0468 10.0892
1028 | 1056784 1086373952 32.0624 | 10.0925
1029 | 1058841 1089547389 32.0780 | 10.0957
1030 | 1060900 | 1092727000 32.0936 | 10.0990
1031 | 1062961 1095912791 32.1092 | 10.1023
1032 | 1065024 1099104768 32.1248 10.1055
1033 | 1067089 1102302937 32.1403 10.1088
1034 | 1069156 1105507304 32.1559 10.II21
1035 | 1071225 1108717875 32.1714 10.1153
1036 | 1073296 1111934656 32.1870 | 10.1186
1037 | 1075369 | 1115157653 32.2025 10.1218
1038 | 1077444 | 1118386872 32.2180 | 10.125I
1039 | 1079521 | 1121622319 32.2335 | 10.1283
1040 | 1081600 | 1124864000 32.2490 | 10.I3I6
1041 | 1083681 1128111921 32.2645 | 10.1348
1042 | 1085764 | 1131366088 32.2800 | 10.1381
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TABLE

OF

SINES AND TANGENTS.
Deg. Sin, Cos. Tan.. | Cotan. | Deg.
0° o | 0,0000 | 1,0000 | 0,0000 © 90° o'
10 | 0,0029 [ 1,0000 | 0,0029 | 343,77 50"
20’ | 0,0058 | 1,0000 | 0,0058 | 171,89 40’
30' | 0,0087 | 1,0000 [ 0,0087 | 114,59 30’
40' | o,0116 | 0,9999 | ©0,0116 | 85,940 20’
50’ | 0,0I45 | 0,9999 | ©0,0145 [ 68,750 10’

29 1 29 11,460
1° o' | o,0175 | 0,9998 | 0,0175 | 57,290 | 89° o
10’ | 0,0204 | 0,9998 | 0,0204 | 49,104 50
20' | 0,0233 | 0,9997 | 0,0233 | 42,964 40
30’ | 0,0262 | 0,9997 | 0,0262 | 38,188 30’
40’ | 0,0291 | 0,9996 | 0,0291 | 34,368 20’
50' | 0,0320 [ 0,9995 | 0,0320 | 31,242 10'

29 b 29 2,606
2° 0 | 0,0349 | 0,9994 | 0,0349 | 28,636 | 88° o
10 | 0,0378 | 0,9993 | 0,0378 | 26,432 50’
20' | 0,0407 | 0,9992 | 0,0407 | 24,542 40
30’ | 0,0436 | 0,9990 | 0,0437 | 22,904 30'
40’ | 0,0465 | 0,0989 | 0,0466 | 21,470 20'
50’ | 0,0494 | 0,0988 | 0,0495 | 20,206 10’

29 I 29 1,125
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TANGENTS.

SINES AND
Deg. Sin. Cos. Tan. Cotan. | Deg.
3° o' | 0,0523 | 0,9986 | 0,0524 | 19,081 | 87° 0
10' | o0.0552 [ 0,9985 | 0,0553 | 18,075 50’
20 0,0581 0,9983 | 0,0582 | 17,169 40’
30’ | o,0610 | 0,9981 | 0,0612 | 16,350 30’
40' | 0,0640 | 0,9980 | 0,0641 | 15,605 20’
50' | ©0,06609 | 0,9978 | ©,0670 | 14,924 10’
29 2 29 623
4° o | 0,0608 | 0,9976 | 0,0699 | 14,301 | 86° o'
10 | 0,0727 | ©0,9974 | 0,0729 | 13,727 50’
20’ | 0,0756 | ©0,9971 | 0,0758 | 13,197 40’
30 | 0,0785 | 0,9969 | 0,0787 | 12,706 30’
40' | o,0814 | 0,9967 [ 0,0816 | 12,251 20’
50' | 0,0843 | 0,9964 | 0,0846 | 11,826 10’
29 2 29 396
5° o' | 00872 | o0,9962 | 0,0875 | 11,430 | 85° O
10’ | 00goI | 0,9959 | 0,0904 | I1,059 50
20’ | 0,0929 | 0,9957 | ©0,0934 | 10,712 40’
30’ | o0,0958 | 0,9954 | ©,0963 | 10,385 30’
40' | 0,0987 | ©0,9951 | 0,0992 | 10,078 20’
50’ | 0,1016 | 0,9948 | o0,1022 | 09,7882 10’
29 3 29 2738
6° o | o,1045 | 0,9945 | 0,1051 | 09,5144 | 84° O
10 | 0,1074 | 0,9942 | o,1c80 | 09,2553 50’
20’ | 0,1103 | 0,9939 | ©o,IT10 | 09,0008 40’
30' | o,1132 | 0,9936 | ©0,1139 | 8,7769 30’
40' | 0,1161 | 0,9932 [ 0,1169 | 8,5555 20’
50' | o,1190 | 0,9929 | ©,1198 | 09,3450 10’
29 4 29 2007
7° o' | o,1219 | 0,9925 | 0,1228 | 8,1443 | 83° O
10| 0,1248 | 0,9922 | 0,1257 | 7,9530 50’
20’ | 0,1276 | 0,9918 | 0,1287 | 7,7704 40’
30’ | o,1305 | 0,9914 | 0,1317 | 17,5958 30’
40" | ©0,1334 | ©0,90IT | ©,1346 | 17,4287 20’




SINES AND TANGENTS.

Deg. Sin. Cos. Tan. Cotan. | Deg.
50' | ©0,1363 | 0,9907 | ©0,1376 | 7,2687 10’
29 4 29 1533
8° 0 | o,1392 | 0,9903 | o,1405 | 17,1154 | 82° o’
10 | o,1421 | 0,98g9 | 0,1435 | 6,9682 | . 50’
20' | 0,1449 | 0,9894 | ©0,1465 | 6,8269 40’
30 | 0,1478 | 0,9890 | ©0,1495 | 6,6912 30’
40' | o0,1507 | 0,9896 | 0,1524 | 6,5606 20"
50' | 0,1536 | 0,9881 | 0,I554 | 6,4348 10’
28 4 30 1210
9° o' | o,1564 | 0,9877 | 0,15%4 | 6,3138 | 81° o'
10 | 0,1593 | 0,9872 | 0,1614 | 6,1970 50
20' | 0,1622 | 0,0868 | 0,1644 | 6,0844 40’
30' | ©0,1650 | 0,9863 | 0,1673 | 5,9758 30’
40' | 0,1679 | 0,9858 | o,1703 | 5,8708 20’
50' | o,1708 | 0,9853 | 0,1733 | 15,7694 10’
28 30 981
10° o’ | 0,1736 | 0,9848 | 0,1763 | 5,6713 | 80° O
10 | 0,1765 | 0,9843 | ©0,1793 | 5,5764 50’
20’ | 0,1794 | 0,0838 | 0,1823 | 5,4845 40’
30 | o,1822 | 0,9833 | 0,1853 | 5,3955 30’
40' | o,1851 | 0,0827 | 0,1883 | 5,3003 20’
50' | o,1880 | 0,9922 | o,1914 | 5,2257 10’
28 30 811
11° o' | 0,108 | 0,0816 | 0,1944 | 5,1446 | 79° O
10' | 0,1937 | 0,981I | ©0,1974 | 15,0658 50’
20' | 0,1965 | o0,9805 | 0,2004 | 4,9804 40
30' | 0,1994 | 0,9799 | ©,2035 | 4,9152 30’
40' | o0,2022 | 0,9793 | ©0,2065 | 4,8430 20’
50' | ©0,2051 | 0,9787 | ©0,2095 | 4,7729 10’
28 31 683
12° o' | 0,2079 | 0,9781 | 0,2126 | 4,7046 | 78° O
10' | o,2108 | 0,9775 | 0,2156 | 4,6382 50
20' | 0,2136 | 0,9769 | 0,2186 | 4,5736 40
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SINES AND TANGENTS.

Cotan.

Deg. Sin. Cos. Tan. Deg.
30 | 0,2164 [ 0,9763 | o©,2217 | 4,5107 30’
40’ | 0,2193 | 0,9757 | ©0,2247 | 4,4494 20’
50' | 0,2221 | 0,9750 | 0,2278 | 4,3897 10’

28 6 31 582

13° o' | o,2250 | 0,9714 | 0,2309 | 4,3315 | 77° o
10' | 0,2278 | 0,9737 | ©,2339 | 4.2747 50’
20’ | 0,2306 | 0,9730 | 0,2370 | 4.2193 40’
30 | 0,2334 | 0,9724 | 0,2401 | 4,1653 30’
40’ | 0,2363 | 0,9717 | 0,2432 | 4,1126 20’
50' | 0,2391 | o,9710 | 0,2462 | 4,0611 | 10’

28 7 31 503

14° o' | 0,2419 | 0,9703 | 0,2493 | 4,0108 | 76° o
10' | 0,2447 | 0,9696 | 0,2524 | 3,9617 50’
20’ | 0,2476 | 0,689 | 0,2555 | 13,9136 40’
30 | 0,2504 [ 0,9681 | 0,2586 | 3,8667 30’
40' | 0,2532 | 0,9674 |- 0,2617 | 13,8208 20’
50' | 0,2560 | 0,9667 | 0,2648 | 3,7760 10’

28 7 31 439

15° o' | 0,2588 | 0,9659 | 0,2679 | 3,732I | 75° O’
10 | 0,2616 | 0,9652 | ©0,2711 3,6891 50
20' | 0,2644 | 0,9644 | ©0,2742 | 13,6470 40’
30 | 0,2672 | 0,9636 | 0,2773 | 3,6059 30’
40' | 0,2700 | 0,9628 | 0,2805 | 3,5656 20’
50' | 0,2728 | o0,9621 | 0,2836 | 3,5261 10’

28 8 3I 387

16° o' | 0,2756 | ©0,9613 | ©0,2867 | 3,4874 | 74° o'
10' | 0,2784 | 0,9605 | 0,2899 | 3,4495 50’
20' [ 0,2812 | 0,9596 | 0,2931 | 3,4124 40’
30' | 0,2840 | 0.9588 | 0,2962 | 3,3759 30’
40' | 0,2868 | 0,9580 | 0,2994 | 3,3402 20’
50’ | 0,28096 | 0,9572 | 0,3026 | 3,3052 10
o 28 9 31 343 o

17° o' | 0,2924 | 0,9563 | ©0,3057 | 3,2709 | 73° O




SINES AND TANGENTS.

Deg. Sin. Cos. Tan. Cotan. | Deg.
10 | 0,2952 | 0,9555 | 0,3089 | 33,271 50’
20’ | 0.2979 | 0,9546 | 0,312 | 3,2041 40’
30' | 0,3007 | 0,9537 | 0,3153 | 3,I716 30/
40' | 03035 | 0,9528 & 10,3185 [ 3,1397 20
50’ | 0,3062 | 0,9520 | 0,3217 | 3,1084 10’

28 9 32 307

18° 0' | 0,3090 | 0,9511 | ©0,3249 | 30,777 | 72° O
10' | 0,3118 | 0,9502 | 0,3281 3,0475 50
20’ | 0,3145 | 0,0492 | 0,3314 | 3,0178 40’
30' | 0,3173 | 0,0483 | 0,3346 | 2,0887 30/
40 | 0,3201 | 0,9474 | 0,3378 | 2,9600 20
50' | 0,3228 | 0,0465 | 0,3411 | 2,9319 10'

27 10 32 277 .

19° o' | ©0,3256 | 0,455 | ©0,3443 | 2,9042 | 71° O
10| 0,3283 | 0,0446 | 0,3476 | 2,8770 50
20' | 0,331I | 0,0436 | 0,3508 | 2,8502 40’
30 | 0,3338 | 0,0426 | 0,3541 | 2,8239 30/
40' | 0,3365 | 0,0417 | 0,3574 | 2,7980 20’
50" | 0,3393 | 0,9407 | ©0,3607 | 2,7725 10

27 10 33 250

20° o' | 0,3420 | 0,397 [ 0,3640 | 12,7475 | 70° O
10' | 0,3448 | 0,9387 | 0,3673 | 2,7228 50’
20" | 0,3475 | 0,9377 | ©0,3706 | 2,6985 40’
30’ | 0,3502 | 0,9367 | 0,3739 | 2,6746 30
40’ | 0,3529 | 0,9356 | 0,3772 | 12,6511 20
50' | 0,3557 | 0,9346 | 0,3805 | 12,6279 10’

27 10 34 228

21° o' | 0,3584 | 0,9336 | 0,3839 | 2,6051 | 69° o'
10 | 0,3611r | 0,9325 | 0,3872 | 2,5826 50’
20 | 0,3638 | 0,9315 | 0,3906 | 2,5605 40’
30’ | 0,3665 | 0,9304 | 0,3939 | 12,5386 30’
40’ | 0,3692 | 0,9293 | 0,3973 | 2,572 20’
50' | 0,3719 | 0,9283 | 0,4006 | 2,4960 10’

27 43 34 209




SINES AND TANGENTS.

Deg. Sin. Cos. Tan. Cotan. | Deg.
22° o’ | 0,3746 | 0,9272 | 0,4040 | 2,4751 | 68° O
10' | 0,3773 | 0,9261 | 0,4074 | 2,4545 50'
20 | 0,3 0,9250 | 0,4108 2,4342 40’
30’ | 0,3827 | 0,9239 | ©0,4142 | 2,4142 30
40| 0,3854 | 0,9228 | 0,4176 | 2,3945 20/
50' [ 0,3881 | 0,9216 | 0,4210 | 2,3750 10’

27 11 35 191
23" o' | 0,3907 | 0,9205 | 0,4245 | 2,3559 | 67° o
10 | 0,3934 [ 0,9194 | 0,4279 | 2,3369 50
20' | 0,396r | 0,9182 | 0,4314 [ 2,3183 40’
30 | 0,3987 | 0,9171 | 0,4348 | 2,2998 30
40' | o0,4014 | 0,9159 | 0,4383 | 2,2817 20'
50' | 0,4041 | 0,9147 | ©0,4417 | 2,2637 10’

26 12 35 177
24° 0’ | 0,4067 | 0,0135 | 0,4452 | 2,2460 | 66° o
10| 04094 | 0,9124 | 0,4487 | 2,2286 50’
20' | 0,4120 | 0,9112 | 0,4522 | 2,21I3 40
30' | 0,4147 | 0,9100 | 0,4557 [ 2,1943 30’
40' | 0,4173 | 0,088 | 0,4592 | 2,1775 20’
50’ | 0,4200 | 0,9075 | 0,4628 | 2,1609 10’

26 12 35 164
25° o' | 0,4226 | 0,9063 | 0,4663 | 2,1445 | 65° o'
10' | 0,4253 | 0,905 | 0,4699 | 2,1283 50’
20' | 0,4279 | 0,038 | 0,4734 | 2,1123 40’
30 | 0,4305 | 0,9026 | 0,4770 | 12,0965 30
40' | 0,4331 | 0,9013 | 0,4806 | 2,0809 20’
50' | 0,4358 | 0,900 | 0,4841 | 2,0655 10’

26 13 36 152
26° o' | 0,4384 | 0,8983 | 0,4877 | 2,0503 | 64° o
10' | 0,4410 | 0,8975 | 0,4913 | 2,0353 50’
20’ | 0,4436 | 0,8962 | 0,4950 | 2,0204 40’
30' | 0,4462 | 0,8949 | 0,4986 | 2,0057 30’
40’ | 0,4488 | 0,8936 | 0,5022 | 1,9912 20’
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SINES AND TANGENTS.

Deg. Sin. Cos. Tan. | Cotan. | Deg.
50' | 0,4514 | 0,8923 | 0,5059 | 1,9768 10’

26 13 36 142
27° o' | o,4540 | 0,8910 | 0,5095 | 11,9626 | 63° o
10 | 0,4566 | 0,8897 | 0,5132 | 1,0486 50’
20' | 0,4592 | 0,8884 | 0,5169 | 1,9347 40’
30' | 0,4617 | 0,8870 | 0,5206 1,9210 30
40’ | 0,4643 | 0,8857 | 0,5243 | 1,9074 20’
50' | 0,4669 | 0,8843 | o0,5280 [ 1,8940 10

26 14 37 133
28° o' | o0,4695 | 0,8829 | o,5317 | 1,8807 | 62° O
10| 0,4720 | 0,8816 | 0,5354 1,8676 50
20’ | 0,4746 | 0,8802 | 0,5392 1,8546 40’
30" | 0,4772 | 0,8788 | 0,5430 | 1,8418 30’
40’ [ 0,4797 | ©,8774 | 0,5467 | 1,8291 20’
50’ | o0,4823 | o,8760 | o0,5505 | 1,8165 10

25 14 38 125
29° o' | 0,4848 | 0,8746 | 0,5543 | 1,8040 | 61° O
10 | 0,4874 | 0,8732 | o,5581 | 1,7917 50’
20' | o,4899 | 0,8718 | o0,5619 | 1,7796 40’
30 | 0,4924 | 0,8704 | 0,5658 | 1,7675 30
40' | o0,4950 | 0,8689 | 0,5696 | 1,7556 20’
50' | 0,4975 | 0,8675 | 0,5735 | 1,7437 10

25 15 39 116
30° o' | 0,5000 | 0,8660 | ©0,5774 | 1,7321 | 60° O
10’ | o,5025 | 0,8646 | 0,5812 | 1,7205 50
20' | 0,5050 | 0,8631 | 0,5851 [ 1I,7090 40’
30’ | o,5075 | 0,8616 | 0,58g0 | 1,6977 30’
40' | o,5100 | 0,8601 | 0,50930 | 1,6864 20’
50' | o,5125 | 0,8587 | 0,569 | 1,6753 10’

25 15 40 110
31°0' | o,5150 | 0,8572 | 0,6009 | 1,6643 | 59° O
10' | 0o,5175 | 0,8557 | 0,6048 | 1,6534 50’
20' | 0,5200 | 0,8542 | 0,6088 | 1,6426 40’
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SINES AND TANGENTS.

Deg. Sin. Cos. Tan. | Cotan. | Deg.
30 | o,5225 | 0,8526 | 0,6128 | 1,6319 30
40' | o,5250 [ 0,8511 | 0,6168 1,6212 20’
50’ | 0,5275 | 0,8496 | 0,6208 | 1,6107 10’

25 16 41 104

32° o' | 0,5299 | 0,8480 [ 0,6249 | 1,6003 | 58° o
10 | 0,5324 | 0,8465 | 0,6289 | 1,500 50’
20’ | 0,5348 | 0,8450 | 0,6330 | 1,5798 40’
30 | 0,5373 | 0,8434 | 0,6371 | 1,5697 30/
40 | 0,5398 [ 0,8418 | o0,6412 | 11,5507 20’
50" | 0,5422 [ 0,8403 | 0,6453 | 1,5497 10

24 16 41 98

33° 0’| 0,5446 | 08387 | 0,6494 | 1,5399 | 57° o
10' | 0,5471 0.8371 0,6536 | I,530I 50’
20’ | o,5495 | ©0,8355 | 0,6577 | I,5204 40’
30’ | o,5519 | 0,8339 [ 0,6619 [ 1,5108 30’
40’ | 0,5544 | ©0,3323 | 0,6661 | 1,5013 20'
50' | 0,5568 | 0,3307 [ 0,6703 | 1I,4919 10’

24 17 42 93

34°0' | o,5592 | 0,820 | 0,6745 | 1,4826 | 56° o'
10 | 0,5616 | 0,8274 | 0,6787 | 1,4733 50
20' | 0,5640 | 0,8258 | 0,6830 | 1,4641 40’
30 | 0,5664 | 0,8241 | 0,6873 | I,4550 30’
40’ | 0,5688 | 0,8225 | 0,6916 | 1,4460 20’
50' | o,5712 | 0,8208 | 0,6959 1,4370 10’

24 17 43 89

35°0 | 0,5736 | 0,8192 | 0,700z | 1,4281 | 55° o'
10| o,5760 | 0,8175 | ©0,7046 | 1,4193 50
20’ | 0,5783 | 0,8158 | 0,708¢9 1,4106 40’
30’ | o,5807 | o,8141 | o0,7133 | 1,4019 | . 30
40’ | 0,5831 [ o,8124 | o,7177 | 1,3934 20'
5o’ | o0,5854 | o,8107 | o0,7221 | 1,3848 10’

24 17 44 84
36° o' | 0,5878 | o,8090 | 0,7265 | 1,3764 | 54° 0
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SINES AND TANGENTS.

Deg. Sin, Cos. Tan. Cotan. | Deg.
10 | o,590t | 0,8073 | 0,7310 | 1,3680 50
20’ | 0,5925 | 0,8056 | 0,7355 | I,3597 40
30 | 0,5948 | 0,8039 | o0,7400 | 1I,3514 30’
40' | 05972 | o,8021 | 0,7445 | 1,3432 20’
50’ | 0,5995 | ©0,8004 | 0,7490 | 1,335I 1o

23 18 46 81

37° 0 | o6013 | 0,7986 | ©0,7536 | 1,3270 | 53° O
10' | o0,6041 | ©0,7969 | 0,758 | 1,3190 50’
20' | 0,6065 | 0,7951 | 0,7627 | 1,3I11I 40’
30 | 0,6088 | 0,7934 | 0,7673 | 1,3032 30’
40’ | o,6111 | 0,7916 | 0,7720 | 1,2954 20’
50' | 0,6134 | 0,7898 | 0,7766 | 1,2876 10’

) 23 18 47 7| .,

38° o 0,6157 | 0,7880 | 0,7813 | 1,2799 | 52° 0
10' | 0,6180 | 0,7862 | 0,7860 | 1,2723 50
20' | 0,6202 | 0,7844 | ©,7907 | 1,2647 40’
30' | o0,6225 | 0,7826 | 0,7954 | 1,2572 30’
40' | 0,6248 | 0,7808 | 0,800z | 1,2497 20
50’ | 0,6271 | 0,7790 | 0,8050 | 1,2423 10’
. 23 19 48 74 o

39° 0 | 0,6293 | 0,7771 | 0,8098 | 1,2349 | 51" O
10 | 0,6316 | 0,7753 | 0,8146 | 1,2276 50
20’ | 0,6338 | 0,7735 | 0,8105 | 1,2203 40’
30’ | 0,6361 | 0,7716 | 0,8243 | 1,213I 30’
40’ | 0,6383 | 0,7698 | 0,8292 | 1,2059 20’
50' | 0,6406 | 0,7679 | 0,8342 | 1,1988 10’

22 19 4 70

40° 0' | 0,6428 | o,7660 | ©0,839I | 1,118 | 50° O
10' | 0,6450 | 0,7642 | 0,8441 | 1,1847 50
20’ | 0,6472 | 0,7623 | 0,8491 | 1,1778 40’
30" | 0,6494 | 0,7604 | 0,8541 | 1,1708 30’
40’ | 0,6517 | ©0,7585 | 0,8591 | 1,1640 20’
50’ | 0,6539 | 0,7566 | 0,8642 | 1,I571 10’

22 19 51 67
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SINES AND TANGENTS.

Deg. Sin. Cos. Tan. Cotan. | Deg.
41° o' | 0,6561 | 0,7547 | ©,8693 | 1,1504 | 49° o'
10 | 0,6583 | 0,7528 | 0,8744 | 1,1436 50’
20' | 0,6604 | 0,7509 | 0.8796 | 1,1369 40’
30' | 0,6626 [ 0,7490 | 0,8847 | 1,1303 30’
40 | 0,6648 | 0,7470 | 0,8899 | 11,1237 20'
50' [ 0,6670 | 0,7451 | 0,8952 1,1171 10’

21 20 52 65
42° 0' | 0,6691 | 0,7431 | 0,9004 | 1,1106 | 48° O
10' | 0,6713 [ o,7412 | ©0,9057 | I1,1041 50’
20’ | 0,6734 | ©0,7392 | o,9110 | 1,0977 40’
30 | 0,6756 | ©0,7373 | 0,9163 | 71,0913 30’
40 | 0,6777 | 0,7353 | ©0,9217 | 1,0850 20’
50' | 0,6799 | ©0,7333 | ©0,9271 | 1,0786 10’

21 20 54 62
43° o' | 06820 | 0,7314 | 0,9325 | 1,0724 | 47° O
10' | 0,6841 | 0,7294 | 0,9380 | 1,0661 50
20 | 0,6862 | 0,7274 | ©,9435 | 1,0569 40’
30' | 0,6884 | 0,7254 | ©0,9490 | 1,0538 30’
40' | 0,6905 | ©,7234 | 0,9545 | 1,0477 20’
50 0,6926 | 0,7214 | 0,9601 1,0416 10’

21 21 56 61
44" ' | 0,6047 | ©0,7193 | 0,9657 | 1,0355 | 46° o
10| 06967 | 0,7173 | 0,713 | 1,0295 50
20 [ 0,6088 | ©0,7153 | ©0,9770 | 1,0235 40’
30 | o0,7009 [ ©0,7133 | ©0,9827 | 1,0176 30’
40' | o,7030 | o0,7112 | 0,9884 1,0117 20’
50' | 0,7050 | 0,7092 | ©0,9942 | 1,0058 10’

21 21 58 58
45° o' | o,7071 | o,7071 | 1,0000 | 1,0000 | 45° ©
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TABLE

OF

CIRCUMFERENCES AND AREAS OF CIRCLES, ‘

Diam.| Circum. Area. [Diam.| Circum. Area.
1,0 3,142 0,7854 | 3,1 | 9,739 7,5477
1,1 3,456 0,9503 | 3,2 | 10,053 8,0425
1,2 3,770 1,1310 § 3,3 | 10,367 8,5530
1,3 4,084 1,3273 | 3,4 | 10,681 9,0792
1,4 4,398 1,5394 | 3,5 10,996 9,6211
1,5 4,712 1,767z | 3,6 | 11,310 10,179
1,6 5,027 2,0106 3,7 11,624 10,752
1,7 5,341 2,2698 | 3,8 | 11,938 11,341
1,8 5,655 2,5447 13,9 | 12,252 11,046
1,9 5,969 2,8353 | 4,0 | 12,566 12,566
2,0 6,283 3,1416 4,1 12,881 13.203
2,1 6,597 3,4636 | 4,2 | 13,195 13,854
2,2 6,912 3,8013 14,3 | 13,509 14,522
2,3 7,226 4,1548 [ 4,4 | 13,823 15,205
2,4 7,540 4.5239 | 4,5 | 14,137 15,904
2,5 7,854 4,9087 4.6 | 14,451 16,619
2,6 8,168 53093 4,7 | 14,765 17,349
2,7 8,482 5,7256 4,8 15,080 18,096
2,8 8,797 6,1575 14,9 | 15,394 18,857
2,9 9,1II 6,6052 | 50 | 15,708 19,635
3,0 9,425 7,0686 5,1 16,022 20,428
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CIRCUMFERENCES AND AREAS OF CIRCLES.

Diam.| Circum. Area. |Digm,| Circum. Area.

5,2 | 16,336 21,237 8,51 26,704 56,745
5,3 16,650 22,062 8,6 27,018 58,088
5,4 | 16,965 22,902 | 8,7| 27,332 59,447
5, 17,279 23,758 8,8| 27,646 60,821
5, 17,593 24,630 8,9 27,960 62,211
5, 17,907 25,518 9,0| 28,274 63,617

18,221 26,421 9,1| 28,588 65,039
18,535 27,340 | 9,2| 28,903 66,476
18,850 28,274 93| 29,217 67,929
19,164 29.225 | 9,4| 29,531 69,398
19,478 30,191 | 9,5 29,845 70,882
19,792 31,173 9,6 30,159 72,382
20,106 32,370 [ 9,7 30,473 73,898
20,420 33,183 | 9,8/ 30,788 75,430
20,735 34,212 | 9,9| 31,102 76,977
21,049 35,257 | 10,0( 31,416 78,540
21,363 36,317 10,1 31,730 80,119
21,677 37,393 }10,2| 32,044 81,713
21,991 38,485 J10,3| 32,358 83,323
22,305 39,592 J10,4| 32,673 84,949
22,619 40,715 J10,5( 32,087 86,590

NSOOOSOSIO SN
WM OO O ONHh W N OOV 0 OO

7 22,934 41,854 f10,6| 33,301 88,247
7.4 | 22,248 43,008 [10,7| 33,615 89,920
7.5 | 23,562 44,179 J10,8| 33,929 91,609
7,6 | 23,876 45,365 110,9| 34,243 93,313
7.7 | 24,190 46,566 f11,0| 34,558 95,033
7.8 | 24,504 47,784 J11,1| 34,872 96,769
79 | 24,819 49,017 Jr11,2| 35,186 98,520
8,0 | 25133 50,266 |11,3| 35,500 | 100,29
8,1 | 25,447 51,530 |11,4| 35,814 | 102,07
8,2 25,761 52,810 fJr11,5| 36,128 103,87
8,3 | 26,075 54,106 |11,6| 36,442 | 105,68
8,4 | 26,389 55,418 f11,7| 36,757 | 107,51
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CIRCUMFERENCES AND AREAS OF CIRCLES.

Diam.| Circum. | Area. [Diam.| Circum. | Area.

{

11,8 37,071 109,36 [15,1| 47,438 179,08
11,9| 37,385 111,22 15,2 47,752 181,46
12,0| 37,699 113,10 15,3 48,066 183,85
12,1| 38,013 114,99 15,4 48,381 186,27
12,2 38,327 116,90 J15.5| 48,695 188,69
12,3| 38,642 118,82 J15,6( 49,009 191,13
12,4 | 38,956 120,76 |15,7| 49,323 193,59
12,5 | 39,270 122,72 15,8 | 49,637 196,07
12,6 39,584 124,69 115,9| 49,951 198,56
12,7| 39,898 126,68 J16,0| 50,265 201,06
12,8 | 40,212 128,68 J16,1 50,580 203,58
12,9 40,527 130,70 | 16,2| 50,804 206,12
13,0 40,841 132,73 J16,3 51,208 208,67
13,1| 41,155 134,78 16,4 51,522 211,24
13,2 | 41,469 136,85 J16,5| 51,836 213,83
13,3| 41,783 138,03 16,6 | 52,150 216,42
13,4| 42,097 141,03 |16,7| 52,465 219,04
13,5| 42,412 143,14 16,8 | 52,779 221,67 -
13,6 | 42,726 145,27 |16,9{ 53,003 224,32
13,7| 43,040 147,41 J17,0| 53,407 226,98
13,8| 43,354 149,57 f17,1| 53,721 229,66
13,9 | 43,668 151,75 [17,2| 54,035 232,35
14,0 | 43,982 153,94 17,3 54,350 235,06
14,1| 44,296 156,15 J17,4| 54,664 237,79
14,2 | 44,611 158,37 |17,5| 54,978 240,53
14,3 | 44,925 160,61 17,6 55,292 243,29
14,4 45,239 162,86 J17,7| 55,606 246,06
14,5 45,553 165,13 |17,8| 55,920 248,85
14,6 | 45,867 167,42 17,9 56,235 251,65
14,7| 46,181 169,72 J18,0( 56,549 254,47
14,8 | 46,496 172,03 [18,1| 56,863 257,30
14,9| 46,810 174,37 |18,2| 57,177 260,16
15,0 47,124 176,72 }18,3| 57,491 263,02
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CIRCUMFERENCES AND AREAS OF CIRCLES.

Digm.| Circum. Area. {Diam.| Circum. Area.
18,4| 57,805 265,90 f21,7| 68,173 369,24
18,5| 58,119 268,80 [J21,8| 68,487 373,25
18,6 | 58,434 271,72 [21,9| 68,801 376,69
18,7| 58,748 274,65 J22,0( 69,115 380,13
18, 59,002 277,59 [22,1| 69,429 383,60
18,9 59,376 280,55 [22,2| 69,743 387,08
19,0 59,690 283,53 [22,3| 70,058 390,57
19,1 60,004 286,52 [|22,4| 70,372 394,08
19,2| 60,319 289,53 [ 22,5 70,686 397,61
19,3| 60,633 292,55 [22,6( 71,000 401,15
19,4 | 60,947 295,59 §22,7| 71,314 404,71
19,5| 61,261 298,65 [22,8| 71,628 408,28
19,6 | 61,575 301,72 122,9| 71,942 411,87
19,7| 61,889 304,81 23,0 72,257 415,48
19,8 | 62,204 307,91 [23,1| 72,571 419,10
19,9| 62,518 311,03 23,2 72,885 422,73
20,0| 62,832 314,16 23,3 73,199 426,39
20,1| 63,146 317,31 [23,4| 73,513 430,05
20,2 | 63,460 320,47 |23,5| 73,827 433,74
20,3| 63,774 323,66 §23,6| 74,142 437,44
20,4 | 64,088 326,85 [23,7| 74,456 441,15
20,5 64,403 330,06 }23,8| 74,770 444,88
20,6 | 64,717 333,20 |23,9| 75,084 448,63
20,7| 65,031 336,54 f24.0| 75,398 452,39
20,8| 65,345 339,80 [24,1| 75,712 456,17
20,9 | 65,659, 343,07 |24,2| 76,027 450,96
21,0 65,973 346,36 ]24,3| 76,341 463,77
21,1 ,288 349,67 |24,4| 76,655 467,60
21,2| 66,602 352,99 124,5( 76,969 471,44
21,3| 66,916 356,33 24,6 77,283 475,29
21,4| 67,230 350,68 24,7 77,597 479,16
21,5 67,544 363,05 ]24,8| 77,911 483,05
21,6 67,858 366,44 [24,9| 78,226 486,96
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CIRCUMFERENCES AND AREAS OF CIRCLES.

Diam.

21,7
21,8
21,9
22,0
22,1
22,2
22,3
22,4
22,5
22,6
22,7
22,8
22,9
23,0
23,1
23,2
23,3
23,4
2315
23,6
23,7
23,8
23-9
24,0
24,1
24,2
24,3
24,4
24,5
24,6
2417
24,8
24,9

Circum. | Area. [JDigm,| Circum. | Area.
68,173 369,84 [ 25,0 78,540 490,87
68,487 373,25 |2s5,1| 78,854 494,81
68,801 376,69 |25,2{ 79,168 498,76
69,115 380,13 [|25,3| 79,482 502,73
69,429 383,60 [25,4| 179,796 506,71
69,743 387,08 [25,5| 80,111 510,71
70,058 390,57 }25.6| 80,425 514,72
70,372 394,08 25,7 80,739 518,75
70,686 397,61 125,8| 81,053 522,79
71,000 qo1,15 |25,9( 81,367 526,85
71,314 404,71 |26,0| 81,681 530,93
71,628 408,28 J§26.1 81,996 535,02
71,942 411,87 [26,2( 82,310 539,13
72,257 415,48 126,3| 82,624 543,25
72,571 419,10 [26,4| 82,938 547,39
72,885 422,73 [26,5| 83,252 551,55
73,199 426,39 [26,6| 83,566 555,72
73,513 430,05 |26,7| 83,881 559,90
73,827 433,74 }26,8| 84,195 564,10
74,142 437,94 [26,9| 84,509 568,32
74,456 441,15 |27,0| 84.823 572,56
74,770 444,88 27,1 85,137 576,80
75,084 448,63 |27,2| 85,451 581,07
75,398 452,39 |27,3| 85,765 585,35
75,712 456,17 §27,4| 86,080 589,65
76,027 459,96 |27,5| 86,394 593,96
76,341 463,77 |27,6| 86,708 598,29
76,655 467,60 |27,7| 87,022 602,63
76,969 471,44 |27,8| 87,336 606,99
77,283 475,29 |27,9| 87,650 611,36
77,597 479,16 J28,0| 87,965 615,75
77,911 483,05 J28,1| 88,279 620.16
78,226 486,06 [28,2| 88,593 624,58
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CIRCUMFERENCES AND AREAS OF CIRCLES.

Diam.

28,3
28,4
28 5
28,6
28-7
28,8
28,9
29,0
29,1
29,2
29.3
29,4
29,5
29,6
29,7
29,8
29,9
30,0
30,1
30,2
30,3
30,4
30,5
30,6
30,7
30,8
30,9
31,0
31,1
31,2
35,3
35,4
3L5

Circum. Area. Diam.| Circum. Area.
88,907 | 629,02 |31,6 99,274 | 784,27
89,221 | 633,47 | 31,7 99,588 | 789,24
89,535 | 637,94 | 31,8 99,903 | 794,23
89,850 | 642,42 J31,9| 100,22 799,23
90,164 646,93 §32,0| 100,53 804,25
90,478 651,44 []32,1| 100,85 809,28
90,792 655,97 [32,2| 101,16 814.33
91,106 660,52 32,3 101,47 819,40
91,420 665,08 32,4 101,79 824,48
91,735 | 669,66 |32,5| 102,10 829,58
92,049 674,26 32,6 | 102,42 834,69
92,363 678,87 |32,7| 102,73 839,82
92,677 68349 32,8 103,04 844,66
92,991 688,13 32,9 103,36 850,12
93,305 | 692,79 |33,0| 103,67 855,30
93,619 | 697,47 |]33,1| 103,99 860,49
93,934 702,15 |33,2| 104,30 865,70
94,248 706,86 33,3 | 104,62 870,92
94,562 | 711,58 |33,4| 104,93 876,16
94,876 716,32 | 33,5 | 105,24 881,41
95,190 721,07 |[33,6| 105,56 886,68
95,504 725,83 33,7 105,87 891,97
95,819 730,62 | 33,8| 106,19 897,27
96,133 735,42 | 33,9| 106,50 902,59
96,447 740,23 ] 34,0| 106,81 907,92

- 96,761 745,06 34,1 | 107,13 913,27
97,075 749,91 | 34,2 | 107,44 918,63
97,389 | 754,77 |34,3| 107.76 924,01
97,704 | 759,65 [34,4| 108,07 920,41
98.0r1 764,54 | 34,5| 108,38 934,82
98,332 | 769,45 J34,6| 108,70 940,25
98,646 | 774,37 |34,7| 109,01 945,69
98,960 | 779,31 []34,8| 109,33 951,15
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CIRCUMFERENCES AND AREAS OF CIRCLES.
\

Diam.| Circum. | Area. [Diam.| Circum. | Area.

34,9| 109,64 956,62 38,3 120,32 | 1152,09
35,0| 109,96 962,11 | 38,4| 120,64 1158,12
35,1 | 11,27 967,62 J38,5| 120,95 | 1164,16
35,2| 110,58 973,14 38,6 | 121,27 1170,2I
35,3| 110,90 978,68 |38,7| 121,58 1176,28
35,4 | III,2I 984,23 |38,8| 121,89 1182,37
35,5| IIL,53 989,80 [38,9| 122,21 | 1188,47
356| 111,84 995,38 [39,0| 122,52 | 1194,59
35,7| 112,15 1000,98 [§39.1| 122,84 1200,72
35,8| 112,47 1006,60 §39,2| 123,15 1206,87
35,9 112,78 rorz,23 39,3 123,46 1213,04
36,0| 113,10 1017,88 |J39,4| 123,78 121Q,22
36,1| 113,41 | 1023,54 [|39.5| 124,09 | 122542
36,2 | 113,73 | 1029,22 §39,6| 124,41 | 1231,63
36,3| 114,04 | 1034,91 139,7| 124,72 | 1237,86
36,4 | 114,35 1040,62 39,8 | 12504 1244,10
36,5 | 114,67 1046,35 §39,9| 125,35 1250,36
36,6 | 114,98 1052,09 [|40,0| 125,66 1256,64
36,7, 115,30 | 1057,84 f4o0,1| 125,08 | 1262,03
36,8| 115,61 1063,62 40,2 | 126,29 1269,23
36,9| 115,92 1069.41 | 40,3| 126.61 1275,56
37,0 116,24 1075,21 ] 40,4| 126,92 1281,90
37,1| 116,55 1081,03 J40,5| 127,23 1288,25
37,2| 116,87 1086,87 [40,6| 127,55 1294,62
37,3| 117,18 | 1092,72 J40,7| 127,86 | 1301,C0
37,4| 117,50 | 1098,58 §40,8| 128,18 | 1307,41
37,5| 117,81 | 1104,47 [40,9| 128,49 | 1313,82
37,6 | 118,12 1110,36 [41,0| 128,81 1320,25
37,71 118,44 1116,28 J41,1| 129,12 1326,70
37,8 | 118,75 1122,21 [41,2| 129,43 1333,17
37,9 | 119,07 1128,15 [§41,3| 129,75 1339,65
38,0| 119,38 1134,11 J41,4| 130,06 1346.14
38,1 | 119,69 1140,09 J41.5| 130,38 1352,65
38,2 120,01 114608 J41,6| 130.69 1359,18
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CIRCUMFERENCES AND AREAS OF CIRCLES.

Diam.| Circum. Area. [Diam.| Circum. Area.
41,7| 131,00 1365,72 | 45,1 | 141,69 | 1597,51
41,8 | 131,32 1372,28 | 45,2| 142,00 1604,60
41,9| 131,63 1378,85 145,3| 142,31 | 1611 7I
42,0| 131,95 1385,44 | 45,4 142,63 | 1618,83
42,1| 132,26 1392,05 §45,5| 142,94 | 1625,97
42,2| 132,58 1398,67 1 45,6| 143,26 | 1633,13
42,3| 132,89 1405,31 § 45,7 143,57 | 1640,30
42,4| 133,20 1411,96 § 45,8 | 143,88 | 1647,48
42,5 133.52 1418,63 | 45,9| 144,20 | 1654,68
42,6 133,83 1425,31 | 46,0| 144,51 | 1661,90
42,7| 134,15 1432,01 | 46,1 | 144,83 | 1669,14
42, 134,46 1438,72 46,2 | 145,14 | 1676,30
42,9 134,77 1445,45 | 46,3 | 145,46 | 1683,65
43,0 135,09 1452,20 | 46,4 | 145,77 | 1690.93
43,1| 135,40 1458,96 | 46,5 146,08 | 1698,23
43,2| 13572 1465,74 | 46,6 | 146,40 | 1705,54
43,3| 136,03 1472,54 | 46,7 | 146,71 | 1712,87
43,4| 136,35 1479.34 | 46,8 147 03 | 1720,2I
43,5| 136,06 1486,17 1 46,9 147,34 | 1727,57
43,6 136,97 1493,01 | 47,0 147,65 | 1734,94
43,7| 137,29 1499,87 | 47,1 147,97 | 1742,3%4
43,8| 137,60 1500,74 | 47,2 | 143,28 | 1749.74
43,9( 137,92 1513,63 147,3| 148,60 | 1757.16
44,0 138,23 1520,53 | 47,4 | 148,91 | 1764,60
44,1| 138,54 1527,45 | 47.5| 149,23 | 1772,05
44,2| 138,86 1534,39 | 47,6 | 149,54 | 1779,52
44,3| 139,17 1541,34 1 47,7 | 149,85 | 178701
44,4| 139,49 1548.30 1 47,8 | 150,17 | 1794,51
44,5 139,80 1555,28 §47,9| 150,48 | 1802,03
44,6 140,12 1562,28 [ 48,0 150,80 1809,56
44.8| 140,43 1569,30 §48,1| 151,11 | 1817,I1
44.7| 140,74 1576,33 | 48,2 | 151,42 | 1824,67
44,9| 141,00 1583,37 §48,3| 151,74 | 1832,25
45, 141,37 1590,43 | 48,4 | 152,05 | 1839,84
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CIRCUMFERENCES AND AREAS OF CIRCLES.

Diam.| Circum. | Area. JDiam.| Circum. Area.

48,5| 152,37 | 1847,45 } 68,0, 213,63 | 3631,69
48,6 | 152,68 | 1835,08 } 69,0, 216,77 | 3739,29
48,7| 153,00 | 1862,72 | 70,0 219,91 | 3848,46
48, 153,31 | 1870,38 | 71,0, 223,05 | 3959,20
48,9 153,62 | 1878,05 | 72,0 226,19 | 4071,51
49,0 153,94 | 1885,74 | 73,0, 229,33 | 4185,39
49,1 | 154,25 | 189345 § 74,00 232,47 | 4300,85
49,2| 154,57 | 190I,17 } 75,0, 235,62 | 4417,87
49,3 | 154,88 | 1go8,90 [ 76,0f 238,76 | 4536,47
49,4 | 155,19 | 1916,65 § 77,00 241,90 | 4556,63
49,5 | 155,51 | 1924,42 [ 78,0 245,04 | 4778,37
49,6 | 155,82 | 1932,21 [ 79,0, 248,18 | 4901,68
49,7| 156,14 | 1940,00 [ 80,0, 251,32 | 5026,56
49,8 | 156,45 | 1947,82 | 81,0 254,47 | 5153,01
49.9| 156,77 | 1955,65 [ 82,0 257,61 | 5281,03
50,0| 157,08 | 1963,50 | 83,0 260,75 | 5410,62
51,0| 160,22 2042,82 84,0 263,89 4541,78
52,0/ 163,36 | 2123,72 | 85,0 267,03 | 5674,50
§3,0| 166,50 2206,19 f{ 86,0 270,17 5808,81
54,0| 169,64 | 2290,22 | 87,0 273,32 | 5944,69
55,0| 172,78 | 2375,83 | 88,0 276,46 | 6082,13
56,0/ 175,93 | 2463,01 | 89,0 279,60 | 6221,13
57,0| 179,07 | 2551,76 | go,0f 282,74 | 6361,74
§8,0| 182,21 2642,08 Q91,0 285,88 6503,89
59,0| 185,35 | 2733,97 | 92,0 289,02 | 6647,62
6o0| 188,49 | 2827,44 §93,0 202,17 | 6792,92
61,0\ 191,63 | 2922,47 | 94,0, 295,31 | 6939,78
62,0 194,77 | 3019,07 | 950 298,45 | 7088,23
63.0| 197,92 | 3117,25 96,0} jor,59 | 7238,24
04,0| 201,06 | 3216,99 }97,0, 304,73 | 7389,83
65,0\ 204,20 | 331831 § 98,0 307,87 | 7542,98
66,0 207,34 3421,20 § 99,0, 311,02 7697.68
67,0 210,48 | 3525,66 mo,o| 314,16 | 7854,00




TABLE

OF THE

AREAS OF THE ZONES OF A CIRCLE.

Versed | Area of | Versed | Area of | Versed | Area of
Sine. (Segment.] Sine. [Segment.] Sine. |Segment.
.001 .001I00 022 .02199 | .043 .04294
.002 .00200 023 .02299 | .044 .04394
.003 .00300 § .024 02399 | .04 .04494
.004 .00400 | .02 .02499 | .04 .04593
.00, .00500 | .02 .02598 .04 .04693
.00 .00600 027 .02698 .04 .04792
.00 .00700 028 .02798 | .049 .04892
.00 .00800 029 .02898 050 .04991
.009 .00go0 030 .02998 051 .05091
.0I10 .01000 o031 .03098 052 .05190
.0II .01100 032 .03197 | .053 .05290
.012 .01199 .033 .03297 .054 .05389
.013 .01299 .034 .03397 .055 .05489
.014 .01399 | .03 .03497 .056 .05588
.0I1§ .01499 .03 .03596 .05 .0568%7
.016 .01599 | .03 .03696 | .05 .05787
.017 .01699 .03 .03796 .059 .05886
.018 .o1799 | .039 .03896 | .060 .05985
.019 .o1899 040 | .02995 ]| .061 06084
. .020 .01999 041 .04095 062 06184
. .02I 02099 | .042 | .o4195 ] .063 .06283
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AREAS OF THE ZONES OF A CIRCLE.

Versed | Area of | Versed | Area of | Versed | Area of
Sine. [Segment.] Sine. |Segment.] Sine. |Segment.
.064 .06382 .09 .09638 | .130 .12852
.06 .06481 .09 .09736 | .131 .120948
.06 .06580 | .099 .09835 .132 .13045
.06 .06679 | .100 | .09933 ]| .133 .13I41
.06 .06779 | .101 .10030 | .I134 .13237
.069 | .06878 | .102 | .10128 | .13 .13334
070 .06977 | .103 .10226 | .I3 .13430
071 .07076 .104 .10324 .13 .13526
072 .07175 .10 . 10422 .13 .13622
.073 .07274 .10 .10520 .139 .13718
.074 .07372 .10 .10617 140 .13814
.07 .07471 .I0 .10715 | .141 .139I0
.07 .07570 .109 .10813 142 . 140006
.07 .07669 .110 .1091I0 .143 .14102
.07 .07768 111 .11008 144 14198
.079 .07867 112 .11105 .14 .13204
.080 .07965 113 11203 .14 .14389
.081 .08064 114 .11300 .14 . 14485
082 .08163 JIX .11397 .14 .14581
.083 .08261 LI .11495 .149 .14676
.084 .08360 | .117 .11592 150 LI4771
.08 .08458 118 .11689 151 .14867
.08 .08557 119 .11786 152 .14962
.08 .08655 .120 .11883 .153 .15057
.08 .08754 .121 .11g80 | .154 .15153
.089 .08852 122 .12077 .15 .15248
090 .08951 123 12174 .15 .15343
.091 .09049 124 12271 .15 .15438
.092 .09147 .12 .12368 .15 .15533
.093 .09246 .12 .12465 .159 .15627
.094 -09344 .12 .12562 160 .15722
.09 .09442 .12 .12658 .161 .15817
.09 ogs4o | .129 | .12755 | .162 | .159II
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AREAS OF THE ZONES OF A CIRCLE.

Versed | Area of jVersed | Area of | Versed | Area of
Sine. |Segment.] Sine. [Segment.] Sine. |Segment.
.163 | .16006 | .196 | .1go85 | .229 | .22072
.164 .16101 .19 .19177 .230 22161
.16 .16195 .19 .19269 | .231 .22249
.16 .16289 | .199 .19361 .232 .22335
.16 .16384 | .200 .10453 | .233 .22426
.16 .16478 | .201 .19544 | -234 .22515
.169 .16572 .202 .19636 .23 .22603
170 .16666 | .203 19727 | .23 .22691
.171 .16760 | .204 | .19819 | .237 .22780
172 .16854 | .20 .19910 | .238 22868
173 .16948 .20 20001 .2.9 +22955
.174 .17042 | .20 .20092 | .240 | 23043
.17, .17135 .20 .20183 .241 .23131
LI 17229 .209 .20274 242 .23218
.17 .17323 | .210 | .20365 | .243 | .23306
I7 .17416 .211 .20455 .244 .23393
.179 .I7510 212 .20546 .245 .23480
.180 | .17603 | .213 | .20637 246 | .23568
.181 .17696 | .214 | .20727 | .247 | .23655
182 | .17789 ] .21 .20817 | .248 | .23731
.183 | .17882] .21 .20908 | .249 | .23828
184 | .17975 | .217 | .20998 | .250 | .23015°
.18 .18068 | .218 .21088 | .25I . 24001
.18 18161 | .219 21178 | .252 .24088
.187 18254 | .220 | .21268 | .253 24174
.188 .18347 | .221 .21357 | .254 .24260
.189 .18439 | .222 21447 | .25 24346
190 .18532 .223 .21536 .25 .24432
.191 .18624 .224 .21626 .257 .24518
.192 a8717 ] .22 21715 | .258 .24604
.193 .18809 .22 .21805 .259 .24690
.194 .18901 .22 .21894 .2 .24775
.195 .18993 .22 .21983 .261 .24860

87



AREAS OF THE ZONES OF A CIRCLE.

Versed | Area of | Versed | Area of | Versed | Area of
Sine. |Segment.] Sine. |Segment.] Sine. [Segment.
.262 .24046 | -295 .27685 .328 .30265
.263 .25021 . 296 .27766 .329 .30341
.264 | 25116 | 297 | .27846 ] .330 | .30416
.26 25201 | 208 | .27927 | .331 | .30491
-2 .25285 | -299 .28007 | .332 | .30566
.26 .25370 | -300 | .28087 | .333 | .30641
.26 .25454 | .30I .28167 | .334 .30715
.269 .25539 | 302 .28247 1 .33 .30789
.270 .25623 | -303 .28326 | .33 .30864
.271 | ,25707 ] -304 | .28406 ] .33 -30937
.272 .25791 .305 .28485 .33 .31011
.273 | .25875 | 300 | .28564 | .339 | .31085
.274 .25959 | -307 .28643 .340 .31158
.27 .26042 | -308 | .28722 | .341 | .31231
.27 .26126 § .309 . 28801 .342 .31305
-277 26209 | .310 28879 | .343 | .31377
.278 | .26292 | .3I1 | .28958 | .344 | .31450
.279 .26375 312 .29036 .34 .31523
280 | .26458 | 313 | .29114 | .34 .31505
.281 26591 | -314 29192 | .34 .31667
282 | ,26624 ] .31 29270 | .34 .31739
.283 26706 | .31 29347 | .349 | -3181r
.284 26788 | .317 .29425 | .350 | .31882
.28 26871 | .318 | .29502 | .35 | .31953
.28 .26953 | .319 | .29579 | .352 | .32024
.287 | .27035 | .320 | .29656 | .353 | .32095
.288 27117 ] .321 .29733 | .354 | .32166
.289 .27198 .322 .29809 .35 .32237
290 .27280 § © .323 .29886 .35 .32307
291 .27361 .324 .29962 .35 32377
292 | .27442 | .325 | .30038 | .35 -32447
.293 27523 | .32 .30114 § .359 | .32517
.204 .27604 .327 .30190 .3 .32586
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AREAS OF THE ZONES OF A CIRCLE.

Versed | Area of | Versed | Area of | Versed | Area of
Sine. |Segment.] Sine. |Segment.] Sine. [Segment.
.361 .32655 1 .394 | .34817] .42 .36698
362 | .32725 | .39 34879 | .42 .36750
-363 | .32793] -39 -34940 | .429 | .36801
364 .32862 8 .39 . 35001 .430 .36853
.365 | .32931f .39 35061 | .431 | .36904
.366 | .32999 ]| .399 | .35122 ] .432 | .36054
.36g .33067 | .400 | .35182 | .433 | .37004
.36 .33135 | .401 [ .35242 | .434 | .37054
.369 | .33202 402 | .35301 | .43 .37104
-370 | .33270] .403 | .3536I | .43 -37153
371 | .33337 ] .404 | .35420 | .437 | .37201
.372 | .33q04] -40 .35479 | .438 | .37250
.373 | .33470] .40 -35537 | -439 | .37298
-374 | .33537] -40 -35595 | -440 | .37346
.37 .33603 | .40 -35653 | .441 | .37393
.37 .33669 | .409 | .3571I | .442 | .37440
.37 .33735 | .410 | .35768 | .443 | .37486
.37 .33801 | .411 | .35825 § .444 | .37533
.379 .33866 412 .35882 .44 .37578
.380 [ .3393r } .413| .35039 [ .44 37624
-381 | .33996 | .414 | .35995 | .44 -37669
.382 34060 | .41 .36051 .44 .37713
383 | .34125 | .41 36107 | .449 | 37758
.384 .34189 | .41 .36162 .450 .37801
.382 234253 | 41 .36217 .451 .37845
.38 .34317 | .419 | .36272 | .452 | .37883
.387 | .34380 ) .420 | .36326 | .453 | .37930
.388°| .34443 | .421| .36380] .454 | .37972
-389 | .34506 | .422 | .36434 ] .45 .38014
-390 | .34569 8 .423 | .36487 ] .45 .38055
2391 | .34631 | .424 | .36541] .457 | .38096
-392 | .34604 | .42 -36503 | .458 | .38136
393 | .34756 ) .42 -36646 | .459 | .38176

89



AREAS OF THE ZONES OF A CIRCLE.

Versed | Area of | Versed | Area of | Versed | Area of
Sine. |Segment.] Sine. [Segment.] Sine. [Segment.

.460 .38216 | .474 .38715 | .488 .39095
.461 .38255 | .47 .38746 | .489 | .39116
462 | .38293 ] .47 .38777 1 .490 | .3¢137
.463 .38331 | .47 .38808 | .491 .39156
.464 | .38369 | .47 38837 1 .492 | .39174
.46 .38406 | .479 | .38866 | .493 .39120
-4 .38442 .480 .38895 .494 .39208
.46; .38478 | .481 .38922 | .49 .39222

.38514 | .482 | .38049 ] .49 .39236
.469 | .38549 1 .483 | .38975 | .49 .39248
.470 | .38583 1 .484 | .3g001 | .49 -39258
.471 .38617 .483 .39026 §  .499 .39265
472 .38650 | .48 .39050 | .500 .39269
.473 | .38683 | .487 | .39073

USE OF THE ABOVE TABLE.

To FIND THE AREA OF A CIRCULAR ZONE.—Ru/le 1. When
the zone is less than a semicircle, divide the height by the
longast chord, and seek the quotient in the column of versed
sines, Take out the corresponding area, in the next column on
the right hand, and multiply it by the square of the longest
chord : the product will be the area of the zone.

Example.—Required the area of a zone, whose longest chord
is 50, and height 15.

15+ 50 = ,300: and .3co, as per table, = .28087.
Hence, .28087 X 502 = 702.19, the area of the zone,

Rule 2.— When the zone is greater than a semicircle, take the
height on each side of the diameter of the circle, and find, by
Rule 1, their respective areas : the areas of these two portions,
added together, will be the area of the zone.
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TABLE

OF THE
AREAS OF THE SEGMENTS OF A CIRCLE,

The Diameter of which is Unity, and supposed to be divided
tnto 1000 equal Parts.

Height.| Area. |Height.| Area. [JHeight.| Area.

.00X | .000042 | .022 | .004322 | .043 | .011734
.002 | .000119 | .023 |-.004619 | .044 | .012142
.003 | .000219 | .024 | .004922 | .04 .012555
.004 | .000337 ] .02 .005231 .04 .012971
.00 .000471 .02 .005546 .04 .013303
<00 .000019 | .027 | .005867 .04 .013818
.00 .000779 | .028 | .006194 | .049 | .014248
.00 000952 .029 | .006527 .050 | .014681
.009 | .001135 .030 | .006866 .05 | .0I5IIQ
.010 | .001329 .031 | .007209 .052 | .015561
+.0II | .00I533 .032 | .007559 .053 | .016008
.0I2 | .001746 .033 | .007913 .054 | .016458
.013 | .001969 § .034 | .008273 | .05 .016912
.014 | 002199 § .03 .008638 .05 .017369
.01 .002438 | .03 .009008 .05 .017831
.01 .002685 .03 .009383 .05 .018297
.01 .002940 | .03 .009763 .059 | .018766
.01 .003202 .039 | .oroi48 .000 | .019239
.019 | .003472 | .040 | .01o538 | .061 | .o19716
.020 | .003749 | .04I | .o10932 | .062 | .020197
.021 | .004032 .042 | .or13sr .063 | .020681
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AREAS OF THE SEGMENTS OF A CIRCLE.

Height.| Area. |Height.| Area. [Height.| Area.
.064 | .021168 | .09 .039087 | .130 | .059999
.06 .021660 | .09 .039681 | .131 | .060673
.06 .022156 .099 | .040277 | .132 | .061349
.06 .022653 100 | .040875 .I33 | .062027
.06 .023155 101 | .041477 | .134 | .062707
.069 | .023660 102 | .042081 | .13 .063389
.070 | .024168 103 | .042687 .13 .004074
.071 | 024680 104 | .043296 .13 .004761
.072 | .025196 Io .043908 .13 .065449
.073 | .025714 10 .044523 .139 | .066140
.074 | .026236 10 .045140 .140 | .066833
.07 .026761 10 +045759 .I41 | .067528
.07 .027290 109 | .046381 .I142 | .068225
.077 | .027821 .I10 | .047006 .143 | .068924
.078 | .028356 ITI | .047633 | .144 | .069626
.ogq 028894 112 | .048262 .14 .070329
.080 | .029435 113 | .048894 .14 .071034
.081 | .029979 | .114 | .049529 | .14 071741
.082 | ,030526 | .11 .050165 | .14 .072450
.083 | .o31077 LII .050805 .I149 | .073162
.084 | .031630 | .1 .051446 150 | .073875
.08 .032186 | .11 .052090 | .I5I | .074590
.08 .032746 | .119 | .052737 | .152 | .075307
.08 .033308 120 | .053385 § .153 | .076026
.08 .033873 121 | .054037 .154 | .076747
.089 | .034441 .122 | .054690 | .15 .077470
.090 | ,035012 123 | .055346 .15 .078194
.09I | .035586 124 | .056004 .15 .078921
.092 | .036162 12 .056664 .15 .079650
.093 | .036742 12 .057327 .159 | .080380
.094 | .037324 12 .057991 100 | .o81112
.09 .037909 12 .058658 | .161 | .081847
.0g 038497 129 | .059328 | .162 | .082582

92



AREAS OF THE SEGMENTS OF A CIRCLE.

Height.| Area. |Height.| Area. J|Height.| Area.
.163 | .083320 | .196 | .108636 | .229 | .135624
.164 | .084060 | .19 .109431 .230 | .130465
.16 .084801 .19 .110227 .231 | .137307
. 16/ .085545 .199 | .111025 .232 | .1387151
.16 .086290 .200 | .111824 .233 | .138996
.16 .087037 .201 | .112625 .234 | .139842
.169 | .087785 .202 | .113427 .23 .140689

170 | .088536 .203 | .114231 .23 .141538
171 089288 .204 115036 .23 .142388
.172 | ,090042 .20 .115842 .23 .143239
.173 | .090797 | .200 | .116651 | .239 | .144091
.174 | .091555 .20 .117460 .240 | .144045
.17 .092314 | .20 L118271 241 | .145800
.17 .093074 .209 | .119083 242 | .1460655
.17 .093837 .210 | .119898 .243 | .147513
.17 .094601 .2I1 | .I20713 .244 | .148371 .
.179 | .095367 .212 | .121530 .24 . 149231

180 | .096135 .213 | .122348 .24 . 150091
.181 | .096904 .214 | .123167 .247 | .150953

182 | .097675 | .21 .123988 | .248 | .151816
.183 | .098447 | .216 | .124811 | .249 | .152681
.184 | .o0g9221 .21 . 125634 250 | .153546
.18 .099997 .21 . 126459 25I | .154413
.18 .100774 | .219 | .127286 252 | .155281
.18 .101533 .220 | .128114 .253 156149
.18 .102334 | .221 | .128943 | .254 | .157019
.189 | .103116 | .222 | .129773 ] .255 | .157801
.190 | .I03 .223 | .130605 | .256 | .158763
LIQI | .104686 | .224 | .131438 | .25 .159636
.192 | .105472 .22 .132273 .25 .160511
.193 | .106261 .22 .133109 .259 | .161386
.194 | .107051 .22 .133046 . .162263
.195 | .107843 .22 .134784 261 | .163141
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AREAS OF THE SEGMENTS OF A CIRCLE.

Height.| Area. JHeight.] Area. |Height.| Area.

.262 | .164020 |} .29 .193597 | .328 | .224154
.263 | .164900 § .29 .194509 | .329 | .225004
.264 | .165781 ] .29 .195423 .330 | .226034
.26 .166663 | .29 .196337 | .33 | .226974
.2 .167546 | .299 | .197252 | .332 | .227916
.267 | .168431 ] .300 | .198168 | .333 | .228558
.26 .169316 | .301 | .199085 | .334 | .229801
.269 | .170202 | .302 | .200003 | .33 .230745
.270 | .171000 | .303 | .200922 .33 .231689
.271 | 171978 .304 | .201841 .33 .232634
.272 | .172868 .30 .202762 .33 .233580
.273 | .173738 .30 .203683 «339 | .234526
.274 | .174650 .30 .204605 .340 | .235473
.27 .175542 | .30 .205528 .341 | .236421
.27 .176436 § .309 | .200452 .342 | .237369
.27 .177330] .310 | .207376 .343 | .238319
.27 .178226 .311 | .208302 .344 | .239268
.279 | .179122 .312 | .209228 .34 .240219
.280 | .180020 .313 | .210155 .34 .241170
.281 | .180918 .314 | .211083 .34 .242122
.282 | .181818 | .31 212011 .34 .243074
.283 | .182718 } .31 .212041 | .349 | .244027
.284 | .183619 ] .31 .213871 | .350 | .244980
.28 .184522 .31 .214802 .351 | .245935
.28 .185425 | .319 | .215734 | .352 | .246890
.28 .186329 § .320 | .216666 .353 | .247845
.28 .187235 .321 | .217600 .354 | .248801
.280 | .188141 8 .322 | .218534 | .35 .249758
.290 | .189048 .323 | .219469 .35 .250715
.291 | .189956 | .324 | .220404 | .35 .251073
.292 | .190865 .32 221341 .35 .252632
.293 | .191774 .32 .222278 .359 | .25359I
.204 | .192685 .327 | .223216 .300 | .254551
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AREAS OF THE SEGMENTS OF A CIRCLE.

Height.| Area. JHeight.| Area. |Height.| Area.
.361 | .255511 | .394 | .287499 | .427 | .319959
.362 | .256472 ] .395 | .288476 | .42 .320949
-363 | .257433 ] .396 | .289454 | .429 | .321938
-364 | .258395 | .397 | .290432 | .430 | .322928 -
.362 .259358 | .30 .2QI411 .431 | .322919
.36 .260321 | .399 | .292390 | .432 | .324909
.36g .261285 | .400 | .293370 | .433 | .325900
.36 .262249 401 | .294350 -434 | 326891
.369 .263214 .402 | .295330 .43 . 327883
.370 | .264179 .403 | .296311 .43 .328874
.371 | .265145 <404 | 297292 .43 329866
.372 | .266111 .40 .298274 .43 .330858
.373 | .267078 | .400 | .299256 | .439 | .331851
.374 | .268046 .407 | .300238 +440 | .332843
.37 .268014 .408 | .3or221 -441 | .333836
.37 .269982 .409 | .302204 .442 | .334829
377 | -270951 410 | .303187 | .443 | .335823
.378 | .271921 411 | .304171 | .444 | .336816
.379 | .272891 .412 | .305156 .44 .337810
.380 | .273861 .413 | 306140 | .44 .338804
.381 | .274832'] .414 | .307125 | .447 | -339799
.382 | .275804 | .41 .308110 | .448 | .340703
-383 | .276776 | .416 | .309006 | .449 | .341788
.384 | .277748 | .41 .310082 | .450 | .342783
.385 | .278721 .41 .311068 .451 | .343778
-386 | .279695 | .419 | .312055 | .452 | .344773
.38 .280669 | .420 | .313042 | .453 | .345768
.38 .281643 | .421 | .314029 | .454 | .346764
.389 | .282618 | .422 | .315017 | .45 .347760
-390 | .283593 | .423 | .316005 | .456 | .348756
-391 | .284569 | .424 | .316993 | .457 | -349752
-392 | .285545 | .425 | .317981 | .458 | .350749
+393 | .286521 318970 | .459 | .351745
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AREAS OF THE SEGMENTS OF A CIRCLE.

|

Height.| Area. J|Height., Area. |Height.| Area.

.460 | .352742 | .474 | .366711 | .488 | .380700
.461 | .353739 | .475 | .367710 | .489 | .3817¢0
.462 | 354736 | .47 .368708 | .490 | .382700
-463 | .355733 | .477 | .369707 } .491 | .383700
.464 | .356730 | .478 | .370706 | .492 | .384699
.465 | .357728 | .479 | .371705 | .493 | .385699
.466 | .358725 | .480 | .372704 | .494 | .3806.9
467 | .359723 | .481 | .373704 | .495 | .387699
.46 .360721 .482 | .374703 | .49 .388699
.469 | .361719 | .483 | .375702 | .497 | .389699
-470 | .362717 | .484 | .376702 | .498 | .390699
.471 | .363715 -482 .377701 | .499 | .391609
.472 | .364714 | .48 .378701 .500 | .392699
-473 | .365712 } .487 | .379701

TABLE OF THE CURVATURE OF THE EARTH.

Dist. in Height. Dist. in Height. Dist. in Height.

miles. miles. miles.
Ft. In. Ft. In. Ft.

1 3] 10 66 4 25 415

3 2 I 80 2 30 509
I 8 12 95 4 35 814
2 26 13 112 O 40 1064
3 60 14 130 O 45 1346
4 10 6 15 149 O 50 1662
4 16 6 16 170 0 60 2394
6 23 9 17 192 O 70 3258
7 32 5 18 215 O 8o 4255
8 42 5 19 240 O Q0 5386
9 53 8 20 266 o 100 6649
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TABLE

THE LENGTHS OF CIRCULAR ARCS WHOSE
BASE IS UNITY.
Height | Length | Height| Length | Height| Length
of Arc. | of Arc. Jof Arc. | of Arc. Jof Arc. | of Arc.
.I0I | 1.02608 .122 | 1.03923 .143-| 1.05367
102 | 1.02752 | .123 | 1.03987 | .I44 | 1.05441
.103 | 1.02806 .124 | 1 04051 .14 1.05516
104 | 1.02860 .Iig 1.04116 .I4 1.05591
.105 | 1.02014 § .I 1.04181 .14 1.05667
.106 | 1.02970 12 1.04247 LI4 1.05743
10 1.03026 .12 1.04313 .149 | 1.05819
3 {} 1.03082 .129 | 1.04380 .150 | 1.05896
109 |- 1.03139 | .I30 | 1.04447 | .I5I | 1.05973
110 | 1.03196 .I3I | 1.04515% .I52 | 1.06051
JIII | I.03254 .I132 | 1.04584 .153 | 1.06130
I12 | 1.03312 .133 | 1.04652 .154 | 1.06209
113 | 1.03371 .I134 | 1.04722 .155 | 1.06288
.114 | 1.03430 ] .13 1.04792 | .156 | 1.06368
.I15 | 1.03490 .13 1.04862 .I5 1.06449
.116 | 1.03551 .13 1.04932 | .15 1.06530
LIX 1.03611 .13 1.05003 | ° .xgo 1.06611
.IX 1.03672 .139 | 1.05075 .160 | 1.066q3
119 | 1.03734 | .140 | 1.05147 | .161 | 1.06775
120 | 1.03797 | .141 | 1.05220 | .162 | 1.06858
.121 | 1.03860 | .142 | 1.05293 | .163 | 1.06041




CIRCULAR ARCS.

Length

of Arc.

.07025
.07109
.07194
07279
-07365
07451
07537
.07624
.07711

.07799
.07888

bt bt bt b b b e el b B

1.08519
1.08611
1.08704
1.08797
1.088g0
1.08984
1.09079
1.09174
1 09269
1.09365
1.09461
1.09557
1.09654
I.09752
1.09850
I 09949

Height
of Arc.

.19
.19
.199
.200
.201
.202
.203
.204
.20
«20

Length | Height| Length
of Arc. Jof Arc. | of Arc.
I.10048 «230 | 1.13557
1.10147 .231 | 1.13671
1.10247 .232 | 1.13786
1.10348 .233 | 1.13903
1.10447 +234 | 1.14020
1.10548 .23 1.14136
1.10650 .23 1.14247
1.10752 .23 1.14363
I 10855 .23 1.14480
1.10958 .239 | 1.14597
1.11062 «240 | 1.14714
I.11165 .241 | 1.14831
1.11269 1242 | 1.14949
1.11374 .243 | 1.15067
1.11479 .244 | 1.15186
1.11584 | .24 1.15308
I 11692 .24 1.15429
1.11796 .24 1.15549
1.11904 | .24 1.15670
I.12011 .249 | 1.15791
1.12118 .250 | 1.I15012
1.12225 .251 | 1.16033
1.12334 252 | 1.16157
1.12445 .253 | 1.16279
1.12556 .254 | 1.16402
1.12663 | .25 1.16526
1.12774 .25 1.16649
1.12885 .25 1.16774
1.12997 .25 1.16899
1.13108 .250 | 1.17024
1.13219 | .2 1.17150
1.13331 .261 | 1.17278
1.13444 | .262 | 1.17401
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CIRCULAR ARCS.

Height | Length | Height | Length | Height| Length
of Arc.| of Arc. jof Arc.| of Arc. Jof Arc. | of Arc
.263 | 1.17527 | .296 | 1.21926 | .329 | 1.26740
.264 | 1.17655 | .29%7 | 1.22061 | .330 | I.26892
.265 | 1.17784 ] .29 1.22203 | .331 | I 27044
.26 1.17912 | .299 | 1.22347 | .332 | 1.27196
.267 | 1.18040 ] .300 | 1.22495 | .333 | 1.27349
.26 1.18162 | .30I | 1.22635 .334 | 1.27502
.269 | 1 18294 | .302 | 1.22776 | .335 | 1.27656
270 | 1.18428 .303 | 1 22018 .33 1.27810
271 | 1.18557 .304 | 1.23061 .33 1.27864
272 | 1.18688 ] .30 1.23205 .33 1.28118
.273 | 1.18819] .30 1.23349 | -339 | 1.28273
.274 | 1.18969 ] .307 | 1.23494 | -340 | 1 28428
.27 1.19082 .30 1.23636 .341 | 1.28583
.27 1.19214 ] .309 | 1.23780 .342 | 1.28739
.27 1.19345 310 | 1.23925 .343 | 1.28895
.27 1 19477 311 | 1.24070 | .344 | 1.29052
.279 | 1.19610 312 | 1.24216 .34 1 29209
280 | 1.19743 ] .313 | 1.24360 | .34 1.29366
.281 | 1.19887 ] .314 | 1.24506 | .34 1.29523
282 | r.20011] .31 1.24654 | .348 | 1.29681
.283 | 1.20146 ] .316 | 1.24801 | .349 | 1.29839
.284 | 1 20282 .31 1.24946 | .350 | 1.29997
.28 1 20419 ] .318 | 1.25095 | .35 | 1 30156
.286 | 1.20558 § .319 | 1.25243 | .352 | 1.30315
.287 | 1.20696 | .320 | 1.25391 | .353 | 1.30474
.28 1.20828 | .321 | 1.25539 | .354 | 1.30634
.289 | 1.20967 | .322 | 1.25686 § .355 | 1.30794
290 | 1.21202 .323 | 1.25836 .35 1.30954
29I | 1.21239 .324 | 1.25987 .35 1.31115
292 | 1.21381 .32 1.26137 .35 1.31276
.293 | 1.21520 | .32 I.26286 .359 | 1.31437
.294 | 1.21658 .32 1.26437 .360 | 1.31599
.295 | 1 21794 ] .32 1.26588 .361 | 1.31761
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CIRCULAR ARCS.

Height | Length | Height | Length |Height | Length
of Arc. | of Arc. Jof Arc. | of Arc. Jof Arc. | of Arc.
-362 | 1.31923 | .305 | 1.37455 | .428 | 1.43300
.363 | 1.32086 | .396 | 1.37628 | .429 | 1.43491
.364 | 1.32249 .39 1.37801 +430 | 1.43673
-363 1.32413 | .398 | 1.37974 | .431 | 1.43856
.366 | 1.32577 | .399 | 1.38148 | .432 | 1.44039
.367 | 1.32741 | .400 | 1.38322 | .433 | 1.44222
.368 | 1.32905 | .401 | 1.38496 | .434 | 1.44405
-369 | 1.33069 | .402 | 1.38671 | .435 | 1.44580
-370 | 1.33233 | .403 | I 38846 | .436 | 1.44773
371 | 1.33399 | .404 | 1.39021 | .437 | 1.44957
-372 | 1.33564 | .40 I.39196 | .438 | 1.45142
-373 | 1.33730 | .406 | 1.39372 | .439 | 1.45327
374 | 1.33896 | .407 | 1.39548 | .440 | 1 45512
.37 1.34063 .40 1.39724 .441 | 1.45697
.37 1.34229 .409 | I.39900 <442 | 1.45883
-377 | 1-34396 | .410 | I.40077 | .443 | 1.460069
-378 | 1.34563 | .411 | 1.40254 | .444 | 1.46255
379 | 1.34731 | .412 | 1.40432 | .445 | 1.46441
.380 | 1.34899 | .413 | 1.40610 | .446 | 1.46628
.381 | 1.35068 .414 | T 40788 .447 | 1.46815
382 | 1.35237 | .415 | 1.40966 | .448 | 1.47002
.383 | 1.35406 | .416 | 1 41145 | .449 | 1.47189
-384 | 1.35575 | .417 | 1.41324 | .450 | 1 47377
-383 1.35744 | .418 | 1.41503 | .45 | 1.47565
.38 1.35914 .419 | 1.41682 .452 | 1 47753
.38; 1.36084 | .420 | 1.41861 .453 | 1.47942
.38 1.36254 § .421 | 1.42041 .454 | 1.48131
.380 | 1.36425 422 | 1.42222 .455 | 1.48320
.390 | 1.36596 | .423 | 1.42402 | .456 | 1.48509
-391 | 1.36767 | 424 | 1.42583 | .457 | 1.48699
.392 | 1 36939 | .42 1.42764 | .458 | 1.48889
-393 | 1 37111 | .426 | 1.42945 | .459 | 1.49079
.394 | 1.37283 | .427 | 1.43127 .460 | 1.49269
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CIRCULAR ARCS.

Height | Length | Height | Length | Height| Length

of Arc. | of Arc. Jof Arc.| of Arc. Jof Arc. | of Arc.
.461 | 1.49460 § .475 | 1.52152 | .489 | 1.54893
.462 | 1.49651 .47 1.52346 | .490 | 1.55008
.463 | 1.49842 .47 1.52541 .491 | 1.55280
.464 | 1.50033 | .478 | 1.52736 ] .492 | 1.55486
.46 1.50224 | .479 | I.52931 .493 | 1.55685
-4 1.50416 .480 | 1.53126 .494 | 1.55854
.46 1.50608 .481 | 1.53322 .49 1.56083
.46 1.50800 | .482 | 1.53518 | .49 1.56282
.469 | 1.50992 | .483 | 1.53714 } .497 | 1.56481
.470 | 1.51185 | .484 | 1.53910 | .498 | 1.56680
.471 | 1.51378 .482 1.54106 | .499 | 1.56879
.472 | 1.51571I .48 1.54302 | .500 | 1.57079
473 | 1.51764 .48Z 1.54499 .
474 | 1.51958 | .488 | 1.54696

To find the length of an arc of a circle by the table :

Rule.—Divide the height by the base, and the quo-
tient will be the height of an arc of which the base is
unity. Multiply the tabular number opposite the corre-
sponding quotient by the base of the arc, and the
product equals the length of the curve required.

I0I



TABLE

EXHIBITING THE WEIGHT OF A LINEAL FOOT
OF FLAT BAR IRON IN POUNDS.

Breadth| Thick’s WeightinlBreadth Thick’'s |Weightin
in inch.|in inch. | pounds. Jin inch.|in inch. | pounds.
$ 0.210 b ¢ 1 1.6g0

0.422 2.112

0.634 i 2.534

# 0.263 1 2.956
0.528 &3 1; 0.475

0.792 0.940

1.056 i 1.425

i 0.313 I.90I
0.633 2.375

0.950 2.850

4 1.265 1 3.326

1.584 b 3.802

3 0.367 1} . 0.528
0.738 1.056

1.108 2 1.584

I 477 1 2.112

1.846 1 2.640

2.217 3.168

I 0.422 1 3.696
0.835 I 4.224

1.267 13 4.752
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FLAT BAR IRON.

Breadth| Thick’s WeightinlBreadth Thick’s |Weightin

in inch.|in inch. | pounds. }in inch.|in inch. | pounds.
13 0.580 13 0.739
1.161 1.459

1.742 - 2.218

2.305 1 2.937

2.904 3.€96

3 484 4-435

4.065 5.178

1 4.646 1 5.914

b¢ 5.227 I 6.653

1 5.808 b ¢ 7-393

13 0.633 1 8.132
1.266 I 8.871

1.900 1 9.610

2.505 13 0.792

3.168 1.584

3.802 2.376

4.435 3.168

1 5.069 3.960

1% 5.703 4.752

I 6.337 5.544

I 6.970 I 6.336

18 0.686 1f 7.129
1.372 I 7.921

2.059 I } 8.713

2.746 I 9.505

3.432 1 10.297

4.119 I 11.089

4.805 2 ¢ 0.845

1 5.492 1.669

Ii 6 178 4 2.53%4

1 6.864 3.379

1§ 7-551 4.224

13 8.237 5.069
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FLAT BAR IRON.

Breadth| Thick’s |Weight in|Breadth| Thick’s (Weight in
in inch.|in inch. | pounds. [in inch.|in1nch. | pounds.
2 % 5.914 2t 1 8.554
1 6.758 L 9.505%

I 7.604 I 10.455

1 8.448 b¢ 11.406

1 9.294 1 12.356

1 10.138 I 13.307

1 10.983 I 14 257

1 11.828 2 15.108

I 12.673 2 16.158

23 0.898 2§ 1.003
1.795 2.006

2.693 3.009

3.561 4.013

4.488 5.016

5.386 6.019

6.283 7.022

I 7.181 1 8.025

I 8.079 I 9.028

I 8.977 1 10.032

I 9.874 I 11.035

14 10.772 1 12.038

I 1I1.670 I 13.042

I 12.567 I 14.045

I 13.465 1 15.048

2 14.332 2 16.051

2 0.950 2 17 054
I. 2 18.057

2.851 24 1.056

3.802 2.112

4.752 3.168

5.703 4.224

6 653 5.280

1 7-504 6 336
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FLAT BAR IRON.

Breadth| Thick’s |Weight in]Breadth| Thick’s [Weight in
in inch.|in inch. | pounds. Jin inch.|in inch. | pounds.
2% % 7.392 2} 1.162
1 8 448 2 323
I 9 504 3.485
1 10.560 4.647
1 11.616 5.808
I 12.672 6.970
b¢ 13.728 8.132
1 14 784 I 9.204
I 15.840 I 10.455
2 16.896 I 11.617
2 17.952 I 12.779
2; 19.008 14 13.940
2 20.064 I 15.102
2§ 1.109 1 16.264
2.218 I 17.425
3.327 2 18.587
4.436 2, 19.749
{ 5.545 2 20.9I0
6.654 2 22.072
7.763 2 23.234
I 8.872 2 24.395
1§ 9.981 23 1.215
1 11,090 2.429
1 12.199 ' 3.644
13 13.308 4.858
I 14.417 6.072

I 15.526 7.287 -
1 16.635 8.502
2 17 744 1 9 716
2 18.853 13 10.931
2 19.962 I 12 145
2 21.071 1 13 360
2 22.180 b ¢ 14 574
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FLAT BAR IRON.

Breadth| Thick’s |Weight.inlBreadth Thick’s |Weightin
in inch.{in inch. | pounds. Jin inch.!in inch. | pounds.

2 1§ 15.789 3t 6.865

1 17.003 8.237

12 18 218 9.610

2 19.432 1 10.983

2 20.647 1 12 356

2 21.861 1 13.730

2} 23.076 1 15.102

2 24.290 I 16.475

2 25 505 1 17.848

2 26.719 1 19.221

3 g 1.267 1 20.594

4 2.535 2 21.967

1 3.802 2 24.712

5.069 zi 27.458

6.337 2 30,204

7.604 3 32.950

| 8,871 3t 1.479

1 10,138 2.957

14 11,406 4.436

1 12,673 5.914

I 13.940 7.393

1 15,208 8.871

I 16.475 10. 350

136 | 17.742 1 11.828

1{ 19,010 1 13.307

2 20,277 1 14.785

21 22 811 1 16,264

2 25,346 1 17.742

2 27.881 I 19.221

3t 1.373 1 20.699

2,746 1 22.178

4.119 2 23.656

+ 5.492 2} 26.613
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FLAT BAR IRON.

Breadth{ Thick’s |Weight injBreadth| Thick's |Weightin
in inch.|in inch. | pounds. [in inch.|ininch. | pounds.
33 zg 29.570 4 1} 23.656
2 32.527 2 27.036

3 35.485 2 30.415

31 38.441 2 33.795

3% b I.584 2 37.174
3.168 3 40.554

4.752 3t 43.933

6.336 3 47.313

[ 7.921 3 50.692

9.505 4 1.795

1 11.089 3.591

1 12.673 g 7 181

ig 14.257 10.772

I 15.841 b 14.334

I 17.425 ri 17.953

1 19.009 1 21.544

I 20.594 b¢ 25 135

b¢ 22.178 2 28,725

11 23.762 2} 32.316

2 25.346 2% 35.907

2 28.514 23 39.497

2 31 682 3 43.088

2 34.851 3 46.679

3 38.019 3 50.269

3 41.187 *3 53.860

3 44.355 4 57.420

4 1.6g0 4% P 3.802
3.380 ; 7.604

6.759 I1.406

10.138 |} 1 15.208

1 13.518 1} 19.010

Ii 16.897 I 22.812

1 20 277 ;3 26.614
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FLAT BAR IRON.

Breadth| Thick’s WeightinlBreadth Thick’s (Weightin
in inch.|in inch. | pounds. Jin inch.|in inch. | pounds.

4% 2 30.415 5 1; 25.346
2} 34.217 1 29.570
23 38.019 2 33.755
2 41.820 2 38.019
3 45.623 2; 42.243
34 | 49.425 2 46.468
3¢ 53.226 3 50.602
33 | 57.028 3t 54.916
4 6o 830 33 59.140
41 64.632 33 63.365

4 4.003 4 67.589

+ 8.026 4% 71.813
3 12.038 4¢ 76.038
1 16.052 4 80.262
1} 20.066 51 4.436
12 24.079 8.871
13 28 092 13.307
2 32.105 1 17.722
2 36.118 1} 22.178
2 40.131 13 26.613
2 44 144 I 31.049
3 48 157 2 35.484
34 52.170 2. 39 920
3; 56.184 2 44.355
3 60.197 2 48 791
4 64.210 3 53.226
4 68.223 3 57.662
4 72.235 3 62.097
5 4.224 3 66.533
8.449 4 70.938

12.673 4 75.404 .
1 16.867 4 79 839
1} 21.122 4 84.275
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FLAT BAR IRON.

Breadth| Thick’s Weightin'Breadth Thick’s |Weightin
in inch.|in inch. | pounds. }in inch.|in inch. | pounds.
54 5 88.710 5% 2} 51.114
5% % 4.647 3 55.761
3 9.294 3} 60.408
13.940 3 65.055
b 18.587 3 69.701
1 23.234 4 74.348
1 27.881 44 78.995
b¢ 32.527 4 83.642
2 37.174 4% 88,288
2 a1.821 5 97.935
23 76.468
LEAD PIPES.
The Weight of each Length
Bore Length in pounds.
in in
inches. feet.
Light. Midd. Strong.
15 15 17 22
¢« 17 20 24
g ‘¢ 24 28 32
1 “ 36 42 50
1 12 36 42 52
1 « 48 56 64
1 ‘ 76 84 96
2 o 84 96 112




The Weight of 100 lineal feet.

WIRE.

g auvgve Iron Steel. Brass. | Copper.
Ibs. 1bs. 1bs. Ibs.
o 30.58 30.92 33.43 35.17
I 23.81 24.07 26.03 27.38
2 21.34 21.587 23.32 24.58
3 18.02 18.22 19.70 20.72
4 15.11 15.28 16.52 17.38
g 12.46 12.59 13.61 14.32
I1.44 11.57 12.51 13.16
Z 8.57 8.67 9.37 9.86
7-29 7.37 7-97 8.38
9 5.80 5.86 6.34 6.67
10 4.96 5.02 5.42 5.71
IX 4.13 4.17 4.51 4.75
12 3.14 3.18 3.43 3.61
13 2.34 2.36 2.55 2.69
14 1.69 1.71 1.85 1.94
I 1.37 1.39 1.50 1.57
I 1.05 1.00 I.14 I.21
I .80 .81 .87 .92
I .61 .61 .67 .70
19 .47 47 o51 .54
20 .32 .33 .34 .37




WEIGHT OF MALLEABLE FLAT IRON IN LBS.

PER LINEAL FOOT.
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WEIGHT OF MALLEABLE FLAT IRON IN LBS.
PER LINEAL FOOT—continued.

R Thickness in Fractions of an Inch.

w2a

gf g

MBS | 1y 3 e ] it
b ¢ 1.46 1.67 1.88 2.08 2.29
I 1.82 2.08 2.34 2.60 2.86
I 2.19 2.50 2.81 3.13 3.44
b4 2.5% 2.92 3.28 3.65 4 o1
2 2.92 3.33 3.75 4.17 4.58
2 3.28 375 4.22 4.69 5.16
2 3.65 4.17 4.69 5.21 5.73
2 4.0I 4.58 5.16 5.73 6.30
3 4.38 5.00 5.63 6.25 6.88
3 4.74 | 5-42 6.09 6.77 7-45
3¥ 5.10 5.83 6.56 7.29 8 o2
3 5.47 6.25 7.03 7 81 8.59
4 5.83 6.67 7 50 8.33 9.17
44 6.20 7.08 7.97 8.85 9.74
4 6.56 7.50 8.44 9.38 10.31
4 6.93 7.92 8.91 9.90 10.89
5 . 7.29 8.33 9.38 10.42 11.46
5% 7.66 8.75 9.84 10.94 12.03
5 8.02 9.17 10.31 11.46 12.60
g 8.39 9.58 10.78 11.98 13.18

8.75 10.00 1I.25 12.50 13.75




WEIGHT OF MALLEABLE FLAT IRON IN LBS.

PER LINEAL FOOT—concluded.

Breadth
of Plate

(inches).

Thickness in Fractions of an Inch.

Lo e L ol

OMNUNUIUIE DD DLW N DN N - -

1 H % H 1 inch.
2.50 2.71 2.92 3.13 3.33
3.13 3.39 | 3.65 3.91 4.16°
3.75 4.06 4.38 4.69 5.00
4.38 4.74 5.10 5.47 5.83
5.00 5.42 5.83 6.25 6.67
5.63 6 o9 6.56 7.03 7.50
6.25 6.77 7.29 7.81 8.33
6.88 7.45 8.02 8.59 9.17
7.50 8.13 8.75 9.38 10.00
8.13 8.80 9.48 10.16 10.83
8.75 9.48 10.21 10.94 11.67
9.38 10.16 10.94 11.72 12.50
10.00 | 10.83 | 11.67 12.50 13.33
10.63 II.51 12.40 13.28 14.17
11.25 12.19 13.13 14.06 15.00
11.88 12.86 13.85 14.84 15.83
12.50 | 13.54 14.58 15.63 16.67
13.13 | 14.22 | 15.31 16.41 17.50
13.75 14.90 | 16.04 17.19 18.33
14.38 | 15.57 | 16.77 17.97 19.17
15.00 | 16.25 | 17.50 18.75 20.00




BIRMINGHAM GAUGE FOR WIRE, SHEET
IRON AND STEEL.

Weight per Square Foot.

Tess | Thick Thick
ness 1CK - 1CK-
by the | ness. S:::;t Sheet Sheet | Sheet | P€SS:
Gauge. Boiler gtas{ Copper| Lead.
Iron. eel.
No. inch, | Ibs. lbs. 1bs. Ibs. | inch.
0000 .454 | 18.267| 18.259| 20.566| 26.75 | 7-16
000 .425 | 17 053] 17.280| 19.252| 25.06 | 27-64
0o .380 | 15.247| 15.45I| 17.214] 22.42 | 3-8
o .340 | 13.7 | 14. 15.6 | 20.06 | 11-32
I .300 | 12 I 12.4 | 13.8 17 72 5-16
2 .284 | 11.4 11 7 13. 16.75 9-32
3 .259 | 10.4 | 106 | 11.9 | 15.26 1-4
4 .238 | 9.6 9.8 | 1r. 14.02 | 7-32
g .220 | 8851 g.02 | 10.1 12.98 7-32
.203 | 8.17| 8.331 9.32 | 11.98 | 7-32
g .180 | 7.24| 7.38 | 8.25 | 10.63 | 3-16
.165 | 6.65 | 6.78 | 7.59 | 9.73 | 3-16
9 .148 5.6 | 6.08| 6.8 8.72 5-32
I0 134 5.40 § 5I 6.16 7.90 §~32
Ix .I20 | 4.83 4 93 5.51 7.08 1-8
12 .J09 | 4.40| 4.50| 502 | 6.42 -8
13 .095 | 3.83 391| 4.37| 5.60| 3-32
14 .083 | 3.34| 3.41| 3.81| 4.90 | 3-32
15 .072 | 2.90| 2.96 | 3.31I 4.25 1-16
16 .065 | 2.62| 2.67| 3.00| 3.83| 1-16

-
-
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BIRMINGHAM GAUGE FOR WIRE, SHEET
IRON AND STEEL.

Weight per Square Foot.

Thick- Thick Th
ness hick- ick-
: Sheet
g’;;h: ness. | and %l:&ett Sheet | Sheet | €SS
ge. Boiler Steel Copper| Lead.
Iron. eel.
No. inch. | 1bs. 1bs. 1bs. Ibs. | inch.
I 058 | 2.34 | 2.39 | 2.67 | 3.42 1-16
I .049 [ I.97 | 2 o1 2.25 2.90 1-16
19 .042 | I. 172 | 1.93 | 2.48 3-64
20 .035 | I.41 1.42 | 1.61 | 2.04 3-64
21 .032 | I.29 1.31 1.47 1.89 3-64
22 .028 | 1.13 1.1§ 1.29 1.65 1-32
23 .025 | 1.00 | 1.02 | I.II 1.47 1-32
24 .022 .885 .Q03 | 1.01 1.30 1-32
2 .020 .805 .820 .18 | 1.18 1-32
2 .018 .724 .738 .826 | 1.06 1-64
:g .016 .644 .657 .735 .945 1-64
.0I4 .563 .574 .642 .826
29 .013 | .523 -533 | .597 .767
30 .012 .483 .493 .551 .708
31 .0I0 .402 .410 .4%0 .600
32 .00Q .362 .370 .420 .532
33 .008 .322 .328 .370 .472
34 .007 .282 .288 .323 .413
3 .005 .230 285 .262 .309
3 .004 .170 173 .104 .236

115



WHITWORTH'S WIRE GAUGE IN DECIMALS

OF AN INCH.

Mark. | Size. Mark. | Size. Mark. | Size.
1 .00I 2 .024 110 L1107
2 .002 2 .026 120 .120
3 .003 28 .028 135 .135
4 .004 30 .030 150 .150
g .005 32 .032 105 .165

.006 3 .034 180 .180
g .007 3 .036 200 .200

.008 38 .038 220 .220
9 .009 40 .040 240 .240
10 .010 45 .045 2 .260
II .0II 50 .050 280 .280
12 .012 gg .055 300 .300
13 .013 .060 325 .325
14 .014 65 .065 350 .350
I 015 70 -070 375 -375
I .016 5 .075 400 ' .400
17 .017 0 .080 425 .425
18 018 85 .085 450 +450
19 019 90 -090 475 475
20 .020 95 .095 500 500
22 .022 100 .100
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NEW LEGAL STANDARD WIRE GAUGE.

Issued by the Standards Department of the Board of
Trade ; came into force March 1st, 1884.

[ 8y . 2 By . v He

2o |Sod |2 |85 25| S04

So | St 8es | 8ue ] &2 soe

CEE [Zd= | REB |24 | 5EB | B~

2.2 o5 o 2,2 2he ‘é:m A ¢

R | 3e® 8% || &% B8 ®
No. No. No.

7/0 .500 13 .092 32 .oro8

6/0 .464 14 .080 33 . .0I00

5/0 .432 I .072 34 0092

4/0 <400 b .064 35 .0084

3/0 .372 1 .056 36 .0076

2/0 .348 b¢ .048 3 .0068

o .324 19 .040 3 .0060

I .300 20 .036 39 .0052

2 .276 21 .032 40 .0048

3 .252 22 .028 41 .0044

4 .232 23 .024 42 .0040

g .212 24 .022 43 .0036

.192 2 .020 44 .0032

g .176 2 .018 4 .0028

.160 2 .0164 4 .0024

9 144 2 .0148 4 .0020

10 128 29 .0136 4 .0016

33 .116 30 .0124 49 .0012

12 .104 31 .0116 50 .0010
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WEIGHT OF METALS.

Weight in 1Ibs. of a Square Foot of Different Metals,
in Thicknesses varying by yy of an inch.

s | =
LY < b . —
€5 | ®g |Cast | | & 2| B |88 g <
xS [ 20 © g |l 3 [=22] .8
BEBE |won | 2| &I | 5|02 F |3
fe|E o a
v 2.3 | 2.3 2.5| 2.9 2.3] 2.6|] 2.7| 2.4/ 3.7
5.0| 4.7 |5 1|58 4.7/ 5.3 5.5| 4.8/ 7.4
x 7.5 701 7.6/ 8.7/ 7.0 8.2 8.2 7.2|11.2
1 10.0 | 9.4 {10.2[11.6| 9.4{11.0|10.9| 9.6|14.9
¢ | 12.5 | 11.7 [12.8|14.5|11.7(13.7| 13.7 | 12.0/18.6
15.0 | 14.1 (15.3|17.2(14.0{16.4|16.4|14.4(22.3
17.5 | 16.4 |17.9|20.0[16 4|19.2[19.1]16.8(26 O
20.0 | 18.7 |20 4{22.9[18 7|21.9| 21.9] 19.3|29.7
v5 | 22.5 | 21.1 |25.0/25.7|21.1|24.6{ 24 6|21.7|33.4
] 25.0 | 23.5 (25.5(28.6(23.4|27.4| 27.3| 24.1|37.1
27.5 | 25.8 [28.1|31 4/25.7|30.1| 30 0| 26.540.9
30.0 | 28.1 (30.6|34.3|28.1|32.9| 32.8 | 28.9|44.6
1%} 32.5 | 30 5 (33.2{37.2/30.4/35.6/35.0|31.348 3
35.0 | 32.8 [35.7/40.0(32.8|38.3{38.2|33.752 0
1% | 37-5 | 35.2 |38.3(42.9|35.1/41.2|41.0( 36.1/55.7
I | 40 0| 37.5 |40.8/45.8|37.5/43.9|43.7 | 38.5/59.4

Note.—The weight per square foot to any gauge can
easily be obtained from the above table by multiplying
the weight of a square foot of the metal one inch thick
by }tlhe thickness of the gauge in inches or parts of an
inch.
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RELATIVE WEIGHTS OF METALS.

The weight of Bar Iron being......c......
Cast Iron..ecvvennee cuee
Steel ..iiviviintnniiieinns
Copper....cosesercecsncans
Brass.....
Lead...cvoeeeeieceencnnnn

I.

I.

monnn:
-

95
2

.16

.48

The weight of Cast Iron being....ceteeeees. I.
Bar Iron......couen.. veee = I1.07
Steel ....... civevnneniess = 1.08
Brass....cocenevenscncess = 1.16
Copper..cceeieeresescnses = I.2I
Lead....... veesssesesese = I.56

The weight of Yellow Pine being ...... R
Cast Iron......ocic0vuvees =16,
Steel ........... cerecsens =I7.
COopPPer...ccveeiarnnssesss =IQ
Brass......ceo000000000.. =I8.

Lead....... W teesssesesss =24.
The weight of Brass being ......v0eveeee = I
BarIron...... cevvenenns =
Cast Iron....civeveeeeeens =
Steel......... teseciseseane =
Copper..... tesestsanicese =1
Lead....... ceereascssesee = I

w

.92
.86
-93
.05
.35



STRENGTH IN TONS OF SOLID CAST-IRON
COLUMNS.
(SPRAGUE.)

With the ends flat and fixed, calculated at about one-
tenth of the breaking weight, according to Hodgkinson’s
Formula,

D3.6
W =44. 16fﬁ
Where D == Diameter of Column in Inches.
‘¢ L == Length of “ Feet.

‘“ W == Breaking Weight in Tons.

The strength of a hollow column nearly equals the
difference between that of two solid columns the diam-
eters of which are equal to the external and internal
diameters of the hollow one.

Strength of short column in which L is less than 30 D.
Let W == breaking weight of column as found from
formula above. C == crushing force per square inch of
section of the metal X sectional area of column.

W.C.
Then corrected breaking weight = WFiIC

The Crushing Strength of Cast Iron per square inch
of section is 40 tons.
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STRENGTH IN TONS OF SOLID CAST-IRON

COLUMNS—continued.

Length of the Column in Feet.

Diameter
in
inches.
8 10 12 14 16
Tons. | Tons. | Tons. | Tons. | Tons.
2* 3.16 2.16 1.58 1.22 .97
2 4.45 3.05 2.23 1.72 1.37
.3 6.09 4.17 3 06 2.35 1.87
33 10.60 7.26 5.32 4.10 3.26
4 17.15 11.%3 8.61 5.62 5 28
4% 23 2 17.93 | 13.15 | 10.12 8.07
5 34.7 26 2 19.22 | 14.79 | 1I.79
g& 41.5 33.3 27.09 | 20.84 | 16.61
53.0 43.0 37.05% 28.51 22.72
6% 66.5 54.8 45.1 38.03 | 30.31
7 81.0 67.1 56.2 49.66 | 39.57
7% 97.3 81.6 68.8 58 6 50.73
8 115.8 97 7 83.0 71.1 64 0
8} 135.7 | 115.4 | 98.7 85.0 74 3
9 158.% 136 3 117.5 10I.9 88.8
9% 180.7 | 156.0 | 135 0 | 117.5 | 102.8
10 205.7 | 178.7 | 155.7 | 136.1 | 119 I
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AVERAGE NUMBER OF CUBIC FEET PER TON
OF VARIOUS SUBSTANCES FOR ESTIMAT-

ING WORK OR STOWAGE.

)«
Lead..covvvee veasseeseescasosscrsncninne
CBrick..c.iiieiiiiiiiiiieiiiaena, vevsesees
Clay..ceeeensescesesncesccssssecsasccnanns
Sand...cceeetesncecscaccicrnossesntesans o
Earth, 100S€..0cceteccenceccsccccasacacssss
Granite...oeieosseecsoccecccssss ssacescsane
08K ..oviieersenrsactassccareccaes secanne
- ) PR PR
Cedar .ecieeecceecssesnsecns srecasescsons
Mahogany, Sp..ccecesecccccccocrcccccsccens
Deal..coiveeeeeoiiesienevoanssnscnssassans

Pine, red. .c.cceeereccerecoctcscoccccscsenes
“ YelloW..eoeesoeeoecacsiacscasensannns
Water, fresh... ..icoeeeeccecccccsciescnns
R T 1 L
Coke...... T S
Coal (Stowed) ceveceeeeecenee sonnsecncanns

Wood (equivalent) requires....e.cceveeccess

122

4.7

3.2
22
22
24
28
16

39.5
45
72
45
50
55
77
36
35
90
48
288
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SPECIFIC GRAVITIES AND WEIGHTS.

METALS.

Specific
Gravity.

Weight
of a
cubic faot
in lbs.
avoir,

Aluminium....ccieeeeeeeaecnneees
Antimony, €ast...cceoeececcecnsen
Arsenic...... ceccecesssccccnsaes
Bismuth, cast....ceceeseecscnce-.

Brass, cast.....................{
‘“

Bronze...........................
Cobalt, cast..veiceesscccaccssscas

Copper, cast....ccierensinnioennns

€

COIN.covuennnns
wire and sheet ...........
Gold, com Ceteceesecenctessnssans

.

3

pure, cast.........es

‘“ “ hammered............
Gun Metal ............
Iridium............ cecescasnasens
Iron, wrought....... ..{

‘" ‘e

AVerage...oveeesnees

WITE ceevvececrcnncnsocenns

N OVt
NWL N

3 0PI O NN
WNNH EIT O

S ok

8.788

162
419
360
614
487
524
534
513
488
549
557
555
1,102
981
1,203
1,210
549
1,437
474
486
480
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SPECIFIC GRAVITIES AND WEIGHTS.

METALS—continued.

, Wefight
Specific ot a

- Gravity. c‘::lf‘f:o t

, | avoir.
Iron, meteoric........eoutuenn 7.965 497
Lead, cast....... ...... sseencsses 11.352 709
‘“  milled.. ..... ST ITTITIISE 11.4 712
Mercury, common, at 32°........ .| 13.568 848
¢ PUTE cee.tnitniennonns 14 875
¢ solid......... eeeeiaeenns 15.6 977
Nickel........... teseseiennnas 8.279 517
Palladium .... cevane 11.8 737
Pewter...... . ceescenans 7.471 466
. 21 1,311
Platinum ...c.oviveevnnneennes 22 1,373
Rhodium....ocovninnernnennannnn. 11 687
Silver coin.......oeviiieiinenenas.| 10 534 658
‘“  pure, cast.....eveercenecns 10.744 671
1 DU 7.8 487
Stee 7.9 493
: 7-3 45
Tin, cast..covseiencsoscrconanns 7% 468
Type Metal.....cooevueneseeene...| 10.4 653
: 6.8 424
ZinC...voov vevevvenncnenennnas 7.19 449
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SPECIFIC GRAVITIES AND WEIGHTS.

StoNEs, EARTHS, &c.

We‘ight
. of a
—_— Spec}ﬁc cubic foot
gravity. | “in Ibs.
avoir.
Amber........cooiiiininienns . 67
Asbestos......iieieiinrieiininans . 187
Asphalte, gntted 156
Basalt.......coooviiiee covinnnns . 180
Bathstone.............ccoeiueinnen 1.97 123
Bermuda stone, hard.............. 2.62 164
R e} { 1.47 92
Beryl, oriental.................... 3.549 221
Bitumen........ccoiiiiiiiieennns 1 62
Brick, common stocK .......c..00. 1.8 115
“ redfacing........o0000innn 2 130
DS 1§ £ 2.4 150
Brickwork in mortar .............. 1.6 100
. in cement..............| 1.8 110
Caenstone........coooveveenennnns 2 125
Cement, Portland................. 1.2 87
. Roman...,.coevvvunnnnns .9 60
: 18 112
Chalk, solid........... [, { 2.8 175
Y inlumps........el — 87
Clay, potters’.......covvvenreennns 1.9 120
‘“ with gravel......... cosesons 2 130
“ ordinary .......c.ciiiennnnn. 1.9 120
Coal, anthracite........cc0vveene. 1.602 100
“ . 1.24 77
bituminous...... esseseans { 1.44 9
Coke.....ovevnns eeceeseneacanens .7 47




SPECIFIC GRAVITIES AND WEIGHTS.
STONES, EARTHS, &C.—continued,

Wefight

Specific o a
gravity. ui':'flf? t

avoir.
Concrete, Portland 120
‘ lime.......... 118
Coral.....civviiieeennnnannnnnnns 167
Crystal, rocK......ccovvneeeeennnn 165
Diamond.......... 221
Earth, vegetable. vee 90
*“  loamy......... crecsseanens 100
‘“  semi-fluid 110
Emerald, Peru.......cco0vvennnn.. 173
Emery........ teesesesancectciaas 250
Feldspar ....coovviiinnennncnnnnns 2.6 162
Flint.....coiiiiiiiiiinnnennennns 2.594 162
Freestone,hewn............cc.... 2.2 140
Garnet, common.........ccceuen.n 3.576 223
‘o Precious.......ccveveninnn 4.23 264
Glass, white flint... 3 188
‘“  plate...... . 2.94 184
 CTOWN...iiivernnreannanenn 2.53 158
Granite, Aberdeen................ 2.625 164
‘“ Cornish......ovvvvnnannn. 2.662 166
. Egyptian .......cco0vune. 2.654 165
“  Guernsey............ veed| 3 185
Gravel, Thames.................. —_ 112
. coarse, with sand.........| — 120
Gypsum ........... Cetieineaaas .| 2.28 140
Hornblende........ Ceereeneen .. 187
Jargon, Ceylon,......... crresenns 4.416 276
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SPECIFIC GRAVITIES AND WEIGHTS.
STONES, EARTHS, &C.—continued.

Weight
. fa
Specific 0
gravity. C“il:l"igrt
avoir.
Kentish rag.........coooeiieennnn 2.66 166
Lime, ordinary quick (stone)...... © .85 53
‘“ chalk, ground.............. .83 52
Limestone, lias.........ccoc0vneenn 25 156
‘ magnesian............ 2.3 144
¢ Plymouth............. 2.67 167
‘ compact (mountain)....| 2.7 170
‘¢ Bermuda, soft......... 1.47 92
“ ¢ hard........ 2.62 164
Loadstone.........covvviiinnnnnn. 4.93 308
Marble (average)......ooeevvnnnnn. 2.7 170
Marl.....ooiiiiiiiiiiiienneneen. 1.9 120
Masonry, rubble.................. 2.2 140
¢ int.............. P 2.3 148
“ ashlar, Portland........ 2.2 140
‘ “ Purbeck......... 2.3 150
¢ ‘“  granite.......... 2.5 160
2.5 155
1.4 90
1.7 110
' 1.63 102
——— 70
P . 2.114 132
Pearl, oriental.............0.0u... | 2.684 167
Peat, hard......coovveieerennnnnnn. 1.3 83
Pitch......oooovviiiiiiiiiennnae, | LI 72




SPECIFIC GRAVITIES AND WEIGHTS.
STONES, EARTHS, &C.—continued.

Weight
Specific | ofa
— s cubic foot
gravity. \"i lbs.
avoir.
Plaster of Paris, cast.e............ 1.2 80
Porcelain, Chinese.....c...couvu0e . 147
‘ Limoges... . 146
Porphyry, green...... 180
“ red...... esrecsessncnas 175
Portland stone ........ccveuevnnn. 145
Pumice stone.......ccevvieeeennnns . 57
Purbeck stone.........ccoevveennen . 162
Puzzolana..........oeveeiennnnns . 170
guartz ........................... . 166
otten stone......... fetrenseneeas 2 124
Ruby, oriental...........ccvvuuenn . 267
Sand, river...........ccieiienenn . 118
*  Thames......... . 103
‘“  pit, clean, coarse . 100
¢ O finel i . 95
Sandstone, Craigleith..... Ceeeenen 2.3 145
Sapphire, oriental ................ 3.994 243
Shale..........iciviiiiinnnnnnnnn 2.6 162
Shingle......cccviiiiiiieiiinnnn. —_ 95
Slate, Welsh .......cccvveeeencne. 2.9 181
o O rag..cieeeees ceeaiaen 2.7 172
‘““ Anglesey.......coiiviiiiinnn 2.8 180
‘¢  Westmoreland..............| 2.8 174
Slates, Cornish grey-blue .........| 2.5 160
Spar..........0 ecesnaen eesenean 2.504 162
‘“ heavy...... seeeas sesecens ool 4.43 276




SPECIFIC GRAVITIES AND WEIGHTS.
SToNEs, EARTHS, &C.—concluded.,

Weight
. fa
Specific O
— Gravity, |cubic foot
avoir.
Sulphur, melted.................. 2 124
“ native....ooovvennnnenns 2.033 127
Syenite ..........cu.... eeresesans 2.6 164
Thames ballast..........cvvvvnnns -—_ 112
Tiles, average.....cocoeevivnanass 1.8 115
OPAZ.vivue vt innernnnnnnnns eeeeed 3.8 237
Trap. .. cieeeeereienneennennnnans 2.7 172
Whinstone, Scotch................ 2.7 172
White lead............... reeeees .| 3.16 197
Yorkshire paving........e0euunnn. 2.5 156
LIGHTNING CONDUCTORS. ,
(British Government.)
Weight per foot run.
1bs.
Copper rod, }-mch diameter. . tessessecnsee 757
s ba.r, xé ................. veessseee 2723
‘““  tube, 4" ext. diameter by 4" thick.. . 757
Iron rod, I-mch diameter.......oc0veeen vesssaes 2.645
‘o bar,z X&' iiiiiiaiss Cebeesieensentenens 2.526

The conductor should be connécted to other metal

work in the building.

At the base the conductor should have about 6 super.
feet in contact with permanently wet soil.
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SPECIFIC VOLUME AND WEIGHT OF DRY AIR

At different Temperatures, under a constant Atmos-
pheric Pressure of 29.92 inches in the Barometer,
the Volume at 32° Fahr. being the unit.

Weight T Weight

Temp. er emp. er
Fahx?. Volume. cugic ft. | Fahr. Volume. cut?ic ft.
pounds. pounds.
o° 935 .0864 162° | 1.265 .0638
12 .g960 .0842 xgz 1.285 .0628
22 .980 .0824 132 I1.306 .0618
32 I.000 .0807 192 1.326 .0609
42 1.020 .0791 202 I.347 .0600
2 1.041 .0776 212 1.367 .0591
2 1.061 .0761 230 1.404 .0575
2 1.082 .0747 250 1.444 .0559
2 1.102 .0733 275 1.495 .0540
92 1.122 .0720 300 1.546 .0522
102 1.143 .0707 325 1.597 .0506
112 1.163 .0694 350 1.648 .0490
122 1.184 .0082 375 1.689 .0477
132 1.204 .0671 400 1 750 .0461
142 1.224 .0659 450 1.852 .0436
152 1.245 .0649 500 1.954 .0413
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RATIO OF MEAN AND SURFACE VELOCITIES
OF RIVERS, ETC.

The maximum velocity is usually considered to be at
the surface over the deepest part.

2 = mean velocity,

V = maximum surface velocity.

# = velocity upon bed.

v=v.17183+V_

10 3454V
% = 20—V =.75v=.62V approximately.

.83V approximately.

In large rivers, however, Captain Humphreys and
Lieut. Abbot found, from observations in the Missis-
sippi, that the velocities at various depths vary as the
absciss® of a parabola whose axis is parallel to the
water’s surface and represents the maximum velocity,
and is in calm weather, at a depth below the surface
equal % depth of water at section. This varies with
the wind, but the mid-depth velocity does not vary, and
is therefore the most convenient to observe. The mean
velocity was found to increase gradually, and quite
uniformly, from the banks to the thread of the current.
The following equations represent the relation between
the measured mid depth velocity V, in any vertical
plane, and the velocities in calm weather at other
depths in the same plane.
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Mean velocity V,=V,—{y4/év
Maximum _ — d,(dy—d)
velocity :‘ Vs —V1+~\/bv (H.L(;T_)
. —(d\?
Surface velocity Vo=V.—,‘/5y(7‘)

. - d,\?*
Bottom velocity V4=V3-va (t—;;)
Where 4=.:856 for rivers having a depth d=30,
1.69
b= {i 1 1 fd_;d:. d d is
‘\/d+1~5 or less values o 1 =.317d and i

the depth of axis of parabola below surface; v is the
approximate mean velocity of river, obtained by taking
mean of observed velocities at mid-depth as the mean
velocity of all the vertical planes; and V, is the mid-
depth velocity.

They found the best way of obtaining the velocity
was to suspend kegs without top or bottom, ballasted
with strips of lead, by a rope to surface floats of light
pine 5.5” x 5.5" X .5”, or of tin of an ellipsoidal form
with axes 5.5" and 1.5". The kegs were 9” in height,
6" diameter, with rope ¢ in diameter for observations
not more than 5' below surface, 12"’ in height, 8" diam-
eter, with rope rather less than y%” diameter for deeper
ones. The rope of such a length that kegs were at
depth required to be observed. The observations were
taken for a length of 200 feet,

Bazin found, mean velocity = surface velocity—25.4.

4/hydraulic mean depth—hydraulic slope of stream.
The mean velocity may be found from slope of water
surface, from Neville’s formula—

¥ = U0 /reid/
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VELOCITY AND FORCE OF THE WIND.

VELOCITY. F.
orce
on1s$ quare Character
Miles Feet li;g?n:i'; of the
er T Wind.
er p Avoird’p’s.
our. Second.
1 1.47 .005 Hardly perceptible,
2 2.93 .020 .
3 4 go ~044 Just perceptible.
4 . 5.87 .079 1
g 7.23 ‘123 Get;:li:,dp easant
8.20 177 :
g 10.27 .241
t1.73 .315 Moderate breeze.
9 13.20 -399 )
10 14.67 -492
11 16.13 -595
12 17.60 .708 | | Pleasant, brisk
13 19.07 .831 gale.
14 20.53 -964
15 22.00 1.107 )
20 29.33 1.9¢8) .
25 36.67 3.075 Very brisk.
30 44.00 4.429) . .
35 5;.23 3'327 High winds.
40 58.07 73 { 3
45 86.00 19.963 Very high.
. 2.
sg gg g; 1 4333 + | Storm or tempest.
0 88 oo 17.715
65 95.33 20 787 b | Great storm.
70 102.67 24.108
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THE ANGLES WHICH EVERY POINT AND QUAR-
TER-POINT OF THHE COMPASS MAKES WITH

THE MERIDIAN.

Points.

"

NORTH.

ONINNN OO OMNNUVINDDRDDWWWWNNNNHHNMOOO

45
30
15

o
45
30
15

o
45
30
15

o
45
30
15

o
45
30
15

o
45
30
15

o
45
30
15

o
45
30
15

o

N.E. by N.

N.E.

" N.E. by E.

E.N.E.

E. by N.

East.

N. by W.

N.N.W.

N.W. by N.

N.W.

N.W. by W.

W.N.W.

W. by N.

West.
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THE ANGLES WHICH EVERY POINT AND QUAR-
TER-POINT OF THE COMPASS MAKES WITH

THE MERIDIAN.

Points.

'

SOUTH.

EY

WO OO MNNUINDE DR WWWWNNNNHMHNM~000
AR ARAGA BRI ARAGM  ARAG-Abe  ARAG-R  AX KBpe

48
37
26
15

3
52
41
30
18

7
56
45

33
22

11

o
48
37
26
15

3
52
41
30
18

7
56

45 .

33
22

I1
o]

S. by E.

S.S.E.

S.E. by S.

S.E.

S.E. by E.

E.S.E.

E. by S.

East.

S. by W.

S.S.W,

S.W.byS.

S.W.

S.W.by W.

W.S.W.

W. by S.

West.

135



SHOWING THE DIFFERENCE OF LEVEL.

. Difference " Difference

Distance. of Level. Distance. of Level.
Yards. Inches. Miles. Ft. In.
100 0.026 o of
200 0.103 o 2
300 0.231 o 4%
400 0.411 1 o 8
g:o 0.643 2 2 8
0 0.925 3 6 o
00 1.200 4 10 7
00 1.645 i 16 7
900 2.081 23 II
1000 2.570 Z 32 6
1100 3.110 ) 42 6
1200 3.7c1 9 53 9
1300 4.344 10 66 4
1400 5.038 11 8 3
1500 5.784 12 95 7
1600 6.580 13 112 2
1700 7.425 14 130 I

USE OF THE ABOVE TABLE.—First. To find the height
of the apparent level above the true.

Second. To find the extent of the visible horizon, or
how far can be seen from any given height, on a hori-
zontal plane, as at sea, etc. Suppose the eye of an
observer on the top of a ship’s mast, at sea, is at the
height of 130 feet above the water, he will then see
"about 14 miles all around.
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Third. Suppose a spring to be on one side of a hill,
and a house on the opposite hill, with a valley between
them, and that the spring, seen from the house, appears,
by a leveling instrument, to be on a level with the
foundation of the house, which, suppose, is at a mile
distance from it—then is the $pring eight inches above
the true level of the house; and this difference would
be barely sufficient for the water to be brought in pipes
from the spring to the house; the pipes being laid all
the way in the ground.

Lastly. 1f the height or distance exceeds the limits of
the table, then first (if the distance be given), divide it
by 2 or by 3, or by 4, etc., till the quotient comes within
the distances in the table ; then take the height answer-
ing to the quotient, and multiply it by the square of the
divisor, that is, by 4 or g, or 16 for the height required,

THE PRESSURE OF WATER AT DIFFERENT
HEADS.
H=head in feet. P=pressure in lbs. per square foot
p=pressure in lbs. per square inch.

H P ? H P ?

I 62.4 | - .4333 9 561.6 39

1.25 78 .5416 10 624 4.3333

1.5 93.6 .65 20 1248 8.6666

1.75| 109.2 .7538 1 30 1872 13

2 124.8 .8666 | 40 2496 17.3333

3 187.2 1.3 gg 3120 21.6666

4 249.6 | 1.7333 3744 26

2 312 2.1666 0 4368 30.3333
374.4 2.6 0 4992 34.6666

Z 436.8 | 3.0333] 9o | 5616 39
499.2 3.4666




MEASUREMENT OF HEIGHTS BY THE BOIL-
ING POINT OF WATER.

TaBLE I.—Showing the elevation and Barometric Press-
ure corresponding to any Temperature of the Vapor
of Boiling Water, between 214° and 178° F., calculated
for latitude 45°.

Bo(g:ln[g Approximate | Difference (Corresponding

T epx)n era- Height above | for each Height of
tul?e. the Sea Level. Degree. Barometer.
Deg. Feet. Feet. Inches.
214 — 1032 31 125
213 — 517 515 30.519
212 o 517 29 922
211 + 519 519 29.335
210 1041 522 28.756
20 1566 525 28.185
20 2004 527 27.623
207 2623 529 27.070
206 3154 - 531 26.527
205 3686 533 25.993
204 4221 535 25.468
203 4757 536 24 952
202 5295 538 24.445
201 5834 540 23.946
200 6376 542 23.456
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TABLE 1.—continued,

Bo(i)}inntg ' Approximate | Difference |Corresponding
Tel:n era- | Height above | for each Height of

tu\?e " | the Sea Level.| Degree. Barometer.

Deg. Feet. Feet. Inches.
199 6919 543 22.974
198 7464 545 22.501
197 8orr 547 22.036
196 8561 550 21.578
195 9112 551 21 129
194 9665 553 20.687
193 10220 555 20.254
192 10776 557 19.828
191 11335 559 19.409

I 11896 561 18.998

I 12459 563 18.504
18 13024 565 18.197
187 13501 567 17.807
186 14160 569 17.424
185 14731 571 17.049
184 15304 573 16.680
183 15879 575 16.318
182 16456 577 15.963
18 17035 579 15.614
180 17615 580 15.271
7 18197 582 14.934
17 18782 585 14.604
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TaBLE II.—Multipliers, for correcting the approximate
Height for Mean Temperature of the Air.

,M;?;. Factor. 11}1::; Factor. ’lh{::; Factor.
10° .955 35° 1.006 60° 1.057
11 .957 3 1 008 61 1.059
12 959 3 1.010 62 1.061
13 961 3 1.012 63 1.064
14 .963 39 1.014 64 1.065
15 .g65 40 1.016 6 1.067
16 .967 41 1.018 6 1.069
1 .g70 42 1.020 6 1.07X
b ¢ .972 43 1.022 6 1.073
19 .974 44 1.024 69 1.075
20 .976 4 1.026 70 1.077
21 .978 4 1.029 71 1.079
22 .980 4 1.031 72 1.082
23 .982 4 1.033 73 1.084
24 .984 49 1.035 74 1.086
2 .986 50 1.037 7 1.088
2 .988 51 1.039 7 1.090
2 .9go 52 I.041 77 1.092
2 .992 53 1.043 78 1.004
29 .994 54 I.045 9 1.096
30 .996 5 I 047 0 1.098
31 .998 5 1.049 81 1.100
32 1.000 5 1.051 82 1.102
33 1.102 5 1.053 83 1.104
34 1.104 59 1.055 84 1.106
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TasLe I1[.—Correction to be added to the calculated
Height, on account of the decrease of gravity above
the sea level.

Heightin | Correction | Heightin | Correction
thousand feet.| additive. Jthousand feet.| additive.
Feet. Feet.

1 3 10 30
2 5 I 33
3 8 12 37
4 Iz 13 41
g 14 14 44

17 I 48
Z 20 I 52

23 1 56
9 26 b¢ 60

To Use THE TABLES.

1st. From Table L. take out the approximate height
due to the boiling points at the upper and lower stations
respectively.

2d. Multiply the difference, between these approxi-
mate heights, by the factor found in Table II. corre-
sponding to the mean of the temperatures of the air at
the two stations. '

3d. Add the correction found in Table III.
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EXAMPLE.

At Upper Station, bonlmg point 188°.3; air 43°
** Lower ¢ ‘“ 206°.5; ‘ 65°
Feet.
188° in Table L give 13024
.3 ‘" ‘“ ‘" 169

12855....... 12855

MO 3 [} [ 3154
R 5 [} [ ‘e 265

2889........2889

9966

6
—Ll_“—:’ = 54 in Table II, gives ...... 1.045

Mean Tem.

49830
39864
9966

10414.470
Table IIL gives....ceovvnncesscesess 430

Height in feet, between the Stations......... 10444

NoTE.—If a barometer be used at one Station, and
the latitude differs much from 45°, its reading, reduced
to 32° F., should be multiplied by the factor correspond-
ing to the latitude, as given in the annexed Table.
Then use the barometric pressure thus modified with
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the preceding tables to obtain the corresponding boiling
point.

Latitude. Factor. Latitude. Factor.

o° 0.99735 45 1.000CO

5 0.99739 50 I1.00046
10 0.99751 gz 1.00090
15 0.99770 1.00132
20 0.99797 65 1.00170
25 0.69830 70 1.00203
30 0.¢9868 5 1.00230
35 0.99910 0 1.00249
40 0.99954

As an example, suppose that a series of observations
made on a tropical mountain give a mean boiling
point for water of 185°, and that the mean height of the
barometer reduced to 32° F., at the nearest observatory
in the adjacent country, be 29.72 inches; assuming
also that the temperature of the air at the upper station
is 36°, and at the lower 80°, and that the latitude of the
observatory is 12°; what is the probable difference of
height ?

For lat. 12°, the factoris 0.99759

29.72X.99759=29.648
29.648 in Table I. gives 211.53, and.......... 244 ft.
185° ““ “ “ ““ cerereees IqT3I .

Difference 14487

=58 give in Table II, 1.053

Mean Temp.—:’ﬁ:—sf

15255
Cor. from Table III. +48

Difference of height, 15303
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EXAMPLES FOR PRACTICE.

1. On the Matterhorn the boiling-point was 192°.54,
air 12°; at St. Bernard, 8,180 feet above the sea, the
barometer at 32° F. was 22.446 inches, air 43°. Find
the height of the upper station.

Height, 11,133 feet.

2. On the Col d’Auterne the boiling-point was 199° ;
assume the mean temperature of the air 62°, and find
the height.

Height 7,361 feet.

3. On the Chamouni the boiling-point was 197°;
assume the mean temperature 62°, and find the height.

Height, 8,525 feet.

In TABLE I. the heights in feet have been computed
from the formula*—Height=60300 (log. 29.922—log.
V.); V being the vapor tension corresponding to the
boiling-point of pure water, according to Regnault, as
given in the fourth column, which is taken from the
extensive table of vapor tensions in that valuable
manual, Sir H. James' *“ ustructions for Meteorological
Observations.” This fourth column will serve to convert
barometric observations, when reduced to 32° F., to the
equivalent boiling-point temperature ; and will be use-
ful when a barometer has been employed at one of the
stations of observation, as well as for the purpose of
comparison when the barometer and hypsometer are
used together, and where this can be done at consider-
able altitudes, say above 5000 feet, the observations
would be of much scientific value.

*Vide Sir J. Herschel’s *“ Meteorology.”
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TasLE II. is for the purpose of correcting the height
obtained by TABLE I. on account of the mean tempera-
ture of the air, as TABLE I. only applies to air at the
temperature of freezing water. It has been calculated
from the coefficient for the expansion of air, viz.,
.0020404 of its bulk at 32° for each degree above that
temperature, as determined by the late experiments
made for the Royal Society by Balfour Stewart, F.R.S.,
Director of the Kew Observatory, and which differs
very slightly from that ascertained by Regnault.

TaBLE III. is a small correction to be added to the
height, and depends upon the decrease of gravity for
elevation above the sea-level.

THE LENGTH OF CIRCULAR ARCS, RADIUS
BEING UNITY.

™) 80 d 3
5 Length. 5 Length. g Length. 2 Length.
1 |0.0174533] 60(1.0471976] 1 !0.000048
2 [0.034 o|1.2217305) 2 0.000097
3 [0.05235 0|1.3962634] 3 '0.0000145‘
40 813 0|1.5707963] 4 0.0000194
g 0.0872665f100(1.7453293) & 0.0000242
0.1047198]120|2.0043951] 6 0.0000291
7 10.122173 Igo 2.617993080 7 0.0000339
8 |0.1396263)180|3. 1415927] 8 0.0000388
9 [0.15707900210|3. 6651914] 9 0.0000435
10 [0.1745320§240|4 . 1887902 10 0.0000485
20 [0.34906508270|4 . 71238G0f 20 0. 0000970
30 [0.5235988}300(5.2359878] 30 0.0001454
40 [0.698131 53.; 5.7595865) 40 0.0001939
50 |0.87266464360(6.2831853) 50 0.0002424
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MEASUREMENT OF HEIGHTS BY BAROMETER.

Read the barometer, and, if possible, a small thermo-
meter whirled rapidly through the air (2kermomectre
Jronde) at the lower station, do the same at the upper'
one, and do it again at the lower one, on your return.
Let the readings be—

10 a. m. lower station, barometer 30.22, temp. 46°

noon upper “ ¢ 29.14, “ 41°

2 p. m. lower . ¢ 30.20, * 54°

The above are all the readings necessary.

The calculations are as follows :

(1) Take the mean of the two observations at the lower
station ; this will probably fairly represent the pressure
and temperature at the lower station when the observa-
tion was made at the upper one.

At lower station.
10a. m......... 30.22 46°
2p.m....... ... 30.20 54°

2)60.42 2)100

Mean pressure 30.2I 50° mean temp.
(2) Ascertain the mean pressure and mean tempera-

ture at the two stations.
Pressure. Temp.

Mean at lower station........ 30.21 50
Observation at upper station.. 29.14 44
2)59.35  2)94

Mean at both stations.. 29.675 47°
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(3) Look in the general table for the multiplier corre-
sponding to the mean pressure (29.675) and mean tem-
perature (47), viz., 9.14, and multiply the difference of
the two pressures by it.

Lower station........ 30.21
Upper e 29.14

977.98
Reject the last two figures, and the result will be the
height in feet. In the above example the rejected
figures are so large that the altitude should be con-
sidered as 978 rather than g977.

The foregoing remarks have not specified the form of
instrument employed, because they are equally appli-
cable to all varieties.

For a compensated aneroid they are correct as they
stand. If a mercurial barometer be used, the readings
need only be reduced to 32° in the usual manner, and
the results so reduced will be ready for treatment pre-
cisely as if they were aneroid readings.
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MEAN BAROMETRIC PRESSURE.

Temp,| 22.0 22.1 22.2 22.3 22.4
30 11.90 11.85 11.79 11.73 '| I11.68
32 11.95 11.90 11.84 11.78 11.73
34 12.00 11.95 11.89 11.83 11.78
36 12,05 12.00 11.94 11.88 11.83
38 12.10 12.05 11.99 11.93 11.88
40 12.15 12.10 12.04 11.98 11.93
42 12.21 12.15 12.09 12.03 11.98
44 12.26 12.21 12.15 12.09 12.04
46 12.32 12,27 12,21 12.15 12.09
48 12.37 12.32 12,26 12.20 12.14
50 12.42 12.37 12.31 12.25 12.19
52 12.47 12.42 12.36 12.30 12.24
54 12.53 12.48 12.42 12.36 12.30
56 12.58 12.53 12.47 12.42 12.36
58 12.63 12.58 12.52 12.47 12.41
60 12.68 12.63 12.57 12.52 12.46
62 12.74 12.69 12.63 12.58 12.52
64 12.79 12.74 12.68 12.63 12.57
66 12.84 12.79 12.73 12.68 12.62
68 12.89 12.84 12.78 12.73 12.67
70 12.95 12.89 12.83 12.78 12.72
72 13.00 12.94 12.88 12.83 12.77
74 13.05 12.99 12.93 12.88 12.82
76 13.10 13.04 12.98 12.93 12.87
78 13.16 13.10 13.04 12.99 12.93
8o 13.21 13.15 13.09 13.04 12.98




MEAN BAROMETRIC PRESSURE.

Temp,| 22.5 22.6 22.7 22.8 22.9

30 11.62 11.57 II.52 11.47 11.42

32 11.67 11.62 11.57 11.52 11.47
34 11,72 11.67 11.62 11.57 11.52
36 11.78 11.72 11.67 11.62 11.57
38 11.83 I1.77 11.72 11.67 11.62
40 11.88 11.82 11.77 11.72 11.67

42 11.93 11.87 11.82 11.77 11.72
44 11.99 11.93 11.88 11.83 11.78
46 12.04 11.98 11.93 11.88 11.83
48 | 12.09 12.03 11.98 11.93 11.88

50 12,14 12.08 12.03 11.98 11.93
52 12.19 12.13 12.08 12.03 11.98
54 12.25 12.19 12,14 12.08 12.03
56 12.30 12.24 12.19 12.13 12.08
58 12,35 12.29 12.24 12.18 12.13
60 12.40 12.34 12.29 12.23 12.18
62 12.46 12.40 12.35 12.29 12.24

64 12,51 12.46 12.40 12.34 12.29
66 12.56 12.50 12.45 12.39 12.34
68 12.61 12.55 12.50 12.44 12.39
70 12.66 12.60 12.55 12.49 12.44

72 12,71 12.65 12.60 12.54 12.49
74 12.76 12.70 12.65 12.59 12.54
76 12.81 12.75 12.70 12,64 12.59
78 12.87 12.81 12.75 12.70 12.64
80 12.92 12.86 12.81 12.75 12.70




MEAN BAROMETRIC PRESSURE.

Temp,| 23.0 23.1 23.2 23.3

62 12.18 12.13 12.07 12.02
64 12 23 12.18 12,12 12.07
66 12,28 12,23 12.17 12.12
68 12.33 12,28 12 22 12.17
70 12.38 12.33 12.27 12.22




MEAN BAROMETRIC PRESSURE.

Temp,| 23.5 23.6 23.7 23.8 23.9
30 11.12 11.08 11.04 10.99 10.95
32 11.17 I1.13 11.09 11.04 11.00
34 11,22 11.18 11.14 11.09 11.05
36 11.27 11.22 11,18 11,13 11.09
38 11.32 11.27 11.23 11.19 11.14
40 11.37 11.32 11.28 11.23 11.19
42 11.42 11.37 11.33 11.28 11.24
44 11.47 11.42 11.38 11.33 I1.29
46 11.52 11.47 11.43 11.38 11.33
48 11.57 11.52 11.48 11.43 | 11.38
50 11.62 11.57 11.53 11.48 11.43
52 11.67 11.62 11.58 11.53 11.48
54 11.72 11.67 11.63 11.58 11.53
56 11.77 11.72 11.68 11.63 11.58
58 11.82 11.77 11.73 11.68 11.63
60 11.87 11.82 11.77 I1.72 11.67
62 11.92 11.87 11.82 11.77 11.72
64 11.97 11.92 11.87 I1.82 11.77
66 12.02 11.97 11.92 11.87 11.82
68 12.07 12,02 11.97 11.92 11.87
70 12.12 12.07 12.02 11.97 11.92
72 12.17 12.12 12.07 12.02 11.97
74 12.22 12,17 12.12 12.07 12.02
76 12.27 12,22 12.17 12.12 12.07
78 12.32 12.27 12.22 12.16 12,11
8o 12.37 12.32 12.26 12.21 12.16




MEAN BAROMETRIC PRESSURE.

Temp,| 24.0 24.1 24.2 24.3 24.4
30 10.90 10.85 10.81 10.76 10.71
32 10.95 10.90 10.86 10.81 10.76
34 11,00 10.95 10.91 10.86 10.81
36 11.04 10.99 10.95 10.90 10.85
38 11.09 11.04 10.99 10.95 10.90
40 11.14 11.09 11.05 11.00 10.95
42 11,19 I1.14 11.10 11.05 11.00
44 11.24 II.19 11.14 11.09 11,04
46 11.28 11.23 11.19 11.14 11.09
48 11.33 11.28 11.24 11.19 11.14
50 11.38 11.33 11.29 11.24 11.19
52 11.43 11.38 11.34 11.29 11.24
54 I1.48 11.43 11.38 11.33 11.28
56 11.53 11.48 11.43 11.38 11.33
58 11.58 11.53 I1.48 11.43 11.38
60 11.62 I1.58 I1.53 1I1.48 11.43
62 11.67 11.63 11.58 11.53 11.48
64 11.72 11.67 11.62 I1.58 11.53
66 11.77 11.72 11.67 11,62 11.57
68 11.82 11.77 11.72 11.67 11.62
70 11,87 11.82 11.77 11.72 11.67
72 11.92 11.87 I1.82 11.77 11.72
74 11.97 11.92 11.87 11.82 11.77
76 12.02 11.97 11.92 11.87 11.82
78 12.07 12.02 11.97 11.92 11.87
8o 12.11 12.06 12.01I 11.96 I1.9X




MEAN BAROMETRIC PRESSURE.

Temp.| 24.5 24.6 24.7 24.8

30 10.67 10.63 10.59 10.55

32 10.72 10.68 10.64 10.60
34 10.77 10.73 10.69 10.65
36 10.81 10.77 10.73 10.69
38 10.85 10.81 10.77 10.73
40 10.90 10.86 10.82 10.78

42 10.95% 10.9I 10.87 10.83
44 10.99 10.95 10.9I 10.87
46 11.04 11.00 10.96 10.9I
48 11.09 11.05 11.01 10.96

50 11.14 11.10 11.06 11.01
52 I1.19 I1.15 II.1I 11.06
54 11.24 11.19 II.15 11,11
56 11.29 11.24 11.20 11.15

58 11.34 11.29 I1.25 11,20
60 11.39 11.34 I1.30 11,25

62 11.44 11.39 11.35 I1.30
64 11.49 11.44 1I.40 11.35
66 I1.53 11.49 11.44 11.39
68 11.58 11.53 11 49 11.44
70 11.63 II1.58 11.53 11.48

72 11.67 11.62 11.58 11.53
74 11.72 11.67 11.63 11.58
76 11.77 11,72 11.68 11.63
78 11.82 11.77 11.73 11.68
8o 11.86 11.81 11.77 11.72




MEAN BAROMETRIC PRESSURE.

Temp,| 25.0 25.1 25.2 25.3 25.4
30 10.46 l 10.42 10.38 10.34 10.30
32 10.51 10.47 10.43 10.39 10.35
34 10.56 10.52 10.47 10.43 10.39
36 10.61 10.57 10.52 10.48 10.44
38 10.65 10.61 10.56 10.52 10.48
40 10.69 10.65 10.60 10.56 10.52
42 10.74 10.70 10.65 10.61 10.57
44 10.78 10.74 10.70 10.66 10.62
46 10.82 10.78 10.74 10.70 10.66
43 10.87 10.83 10.79 10.75 10.70
50 10.92 10.88 10.84 10.80 10.75
52 10.97 10.93 10.89 10.85 10.80
54 11,02 10.98 10.93 10.89 10.84
56 11.06 11.02 10.98 10.94 10.89
58 II.I1 11.07 11.03 10.99 10.94
60 11.16 11,12 11.07 11.03 10.98
62 11,21 II.I7 I1.12 11.08 11.03
64 11.26 11.22 11.17 I1.13 11.08
66 11.30 11,26 II.21 11.17 II.12
68 11.35 I1.31 11.26 11.22 I11.17
70 11.39 11.35 11.30 11.26 I1.21
72 I1.44 11.40 I1.35 I1.3I 11.26
74 11.49 11.45 11.40 11.36 I1.31
76 11.53 I1.49 11.44 1I.40 11.35
78 I1.58 11.54 1I.49 11.45 I1.40
8o 11.62 11.58 11.53 11.49 11.44




MEAN BAROMETRIC PRESSURE.

Temp.| 25.5 25.6 25.7 25.8 25.9
30 10.26 10,22 10.18 10.14 10.10
32 10.31I 10.27 10.23 10.19 10.15
34 10.35 10.31 10.27 10.23 10.19
36 10.40 10.36 10.32 10.28 10.24
38 10.44 10.40 10.36 10.32 10.28
40 10.48 10 44 10.40 10.36 10.32
42 10.53 10.49 10.45 10.41 10.37
44 10.58 10.54 10.50 10.45 10.41
46 10.62 10.58 10.54 10.49 10.45
48 10.66 10.62 10.58 10.53 10.49
50 10.71 10.67 10.63 10.58 10.54
52 10.76 10.71 10.67 10.63 10.59
54 10.80 10.75 10.71 10.67 10.63
56 10.85 10.80 10.76 10.72 10.68
58 10.89 10.84 10.80 10.76 10.72
60 10.94 10.89 10.85 10.81 10.77
62 10.99 10.94 10.90 10.86 10.82
64 11 04 10.99 10.95 10.91 10.87
66 11.08 11.03 10.99 10.95 10.91
68 I1.13 11.08 I1 04 11.00 10.96
70 11.17 I1.12 11.08 11.04 11.00
72 II1.22 11.17 11.13 11.09 11.05
74 I1.27 11,22 11.18 I1.13 11.09
76 11.31 11.26 11.22 11,17 11.13
78 11.36 11.31 11.27 11.22 11.18
80 11.40 11.35 11.31 11.26 11.22




MEAN BAROMETRIC PRESSURE.

Temp,| 26.0 26.1 26.2 26.3 26.4

30 10.06 10.02 9.98 9.94 9.90

32 10.11 10.07 10.03 9.99 9.95

34 10.15 10.1I .| T10.07 10.03 9.99
36 10.20 10.16 10.12 10.08 10.04
38 10.24 10.20 10.16 10.12 10.08
40 10.28 10.24 10.20 10.16 10.12
42 10.33 10.29 10.25 10.21 10.17
14 10.37 10.33 10.29 10.25 10.21

46 10.41 10.37 10.33 10.29 10.25
48 10.45 10.41 10.37 10.33 10.29
50 10.50 10.46 10.42 10.38 10.34

52 10.55 10.51 10.47 10.43 10.39
54 10.59 10.55 10,51 10.47 10.43
56 10.64 10.60 10.56 10.52 10.48
58 10.68 10.64 10.60 10.56 10.52
60 10.73 10.69 10.65" 10.61 10.57

62 10.77 10.73 10.69 10.65 10.61
64 '10.82 10.78 10.74 10.70 10.66
66 10.86 10.82 10.78 10.74 10.70
68 10.91 10.87 10.83 10.79 10.75
70 10.95 10.91 10.87 10.83 10.79

72 11,00 10.96 10.92 10.88 10.84
74 11.05 11.0X 10.97 10.93 10.89
76 11.09 11.05 11.01 10.97 10.93
78 I1.14 II.1I0 | II.0§ I1.01 10.97
8o 11.18 I1.14 11.09 11.05 II1.0I
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MEAN BAROMETRIC PRESSURE.

Temp,| 26.5 26.6 26.7 26.8 26.9
30 9.87 9.83 9.79 9.75 9.72
32 9.92 9.88 9.84 9.80 9.77
34 9.96 9.92 9.88 9.84 9.81
36 10.01 . 9.97 9.93 9.89 9.86
38 10.05 10.01 9.97 9.93 9.90
40 10.09 10.05 10.01 9.97 9.94
42 10.14 10.10 10.06 10.02 9.99
14 10.18 10.14 10.10 10.06 10.03
46 10.22 10.18 10.14 10.10 10.07
48 10.26 10.22 10.18 10.14 10.II
50 10.31 10.27 10.23 10.19 10.16
52 10.35 10.31 10.27 10.23 10.20
54 10.39 10.35 10.31 10.27 10.24
56 10.44 10.40 10.36 10.32 10.29
58 10.48 10.44 10.40 10.36 10.33
60 10.53 10.49 10.45 10.41 10.37
62 10.57 10.53 10.49 10.45 10.41
64 10.62 10.58 10.54 10.50 10.46
66 10.66 10.62 10.58 10.54 10.50
68 10.71 10.67 10.63 10.59 10.55
70 10.75 10.71 10.67 10.63 10.59
72 10.80 10.76 10.72 10.68 10.64
74 10.85 10.81 10.77 10.73 10.69
76 10.89 10.85 10.81 10.77 10.73
78 10.93 10.89 10.85 10.81 10.77
80 10.97 10.93 10.89 10.85 10.81
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MEAN BAROMETRIC PRESSURE.,

Temp,| 27.0 27.1 27.2 27.3 27.4
30 9.68 9.65 9.61 9.58 9.54
32 9.73 9.70 9.66 9.63 9.59
34 9.77 9.74 9.70 9.67 9.63
36 .82 9.79 9.75 9.71 9.67
38 9.86 9.83 9.79 9.75 9.71
40 9.90 9.87 9.83 9.79 9.75
42 9.95 9.92 9.88 9.84 9.80
44 9.99 9.96 9.92 9.88 9.84
46 10.03 10.00 9.96 9.92 9.88
48 10.07 10.04 10.00 9.97 9.93
50 10.12 10.08 10.04 10.01 9.97
52 10.16 10.12 10.08 10.05 10.01
54 10.20 10.16 10.12 10.09 10.05
56 10.25 10.21 10.17 10.13 10.09
58 10.29 10.26 10.22 10.18 10.14
60 10.33 10.30 10.26 10.22 10.18
62 10.37 10.34 10.30 10.26 10.22
64 10.42 10.38 10.34 10.30 10.26
66 10.46 10.42 10.38 10.34 10.30
68 10.51 10.47 10.43 10.39 10.35
70 10.55 10.51 10.47 10.43 11.39
72 10.60 10.56 10.52 10.48 10.44
74 10.64 10.60 10.56 10.52 10.48
76 10.68 10.64 10.60 10.57 10.53
78 10.72 10.68 10.64 10.61 10.57
80 10.76 10.72 10.63 10.65 10.61




MEAN BAROMETRIC PRESSURE.

Temp,| 27.5 ‘ 27.6 27.7 27.8 27.9
30 9.51 l 9.47 9.44 9.40 9.37
32 9.56 9.52 9.49 9.45 9-42
34 9.60 9.56 9.53 9.49 9.46
36 9.64 6o 9.57 9.53 9.50
38 9.68 9.64 9.61 9.57 9.54
40 9.72 9.68 9.65 9.61 9.58
42 9.77 9.73 9.70 9.66 9.63
44 |  9.81 9.77 9.74 9.70 9.67
46 9.88 .9.81 9.78 9.74 9.71
48 9.89 9.85 9.82 9.78 9.75
50 9.93 9.89 9.86 9.82 9.79
52 9.98 9.94 9.90 9.86 9.83
54 10.02 9.98 9.94 9.90 9.87
56 10.06 10.02 9.98 9.94 9.91
58 10.1IT 10.07 10.03 9.99 9.96
60 10.15 10.1I 10.07 10.03 10.00
62 10.19 10.15 10.11 10.07 10.04
64 10.23 10.I9 10.15 10.11 10.08
66 10.27 10.23 10.19 10.15 10.12
68 10.32 10.27 10.23 10.19 10.16
70 10.36 10.32 10.28 10.24 10.21
72" 10.40 10.36 10.32 10.28 10.25
74 10.44 10.40 10.36 10.32 10.29
76 10.49 10.45 10.41 10.37 10.33
78 10.53 10.49 10.45 10.41 10.37
80 10.57 10.53 10.49 10.45 10.42




MEAN BAROMETRIC PRESSURE.

Temp,| 28.0 28.1 28.2 28.3 28.4
30 9.33 9.30 9.27 9.24 9.20
32 9.38 9.35 9.32 9.29 9.25
34 9.42 9.39 9.36 9.33 9.29
36 9.46 9.43 9.40 9.37 9.33
38 9.50 9.47 9-44 9.4I 9.37
40 9.54 9.51 9.48 9.45 9.41
42 9.59 9.56 9.52 9.49 9.45
44 9.63 9.60 9.56 9.53 9.49
46 9.67 9.64 9.60 9.57 9.53
48 9.71 9.68 9.64 9.61 9.57
50 9.75 9.72 9.68 9.65 9.61
52 9.79 9.76 9.72 9.69 9.65
54 9.83 9.80 9.76 9.73 9.69
56 9.87 9.84 9.80 9.77 9.73
58 9.92 9.89 9.85 9.82 9.78
60 9.96 9.93 | 9.89 9.86 9.82
62 10.00 9.97 9.93 9.90 9.86
64 10.04 10.01 9.97 9.94 9.90
66 10.08 10.05 10.01 9.98 9.94
68 10.12 10.09 10.05 10.02 9.98
70 10.17 10.14 10.10 10.06 10.02
72 10.21 10.18 10.14 10.10 10.06
74 10.25 10.22 10.18 10.14 10.10
76 10.29 10.26 10.22 10.18 10.14
78 10.33 10.30 10.26 10.22 10.18
80 10.38 10.34 10.30 10.27 10.23




MEAN BAROMETRIC PRESSURE,

Temp,| - 28.5 28.6 28.7 28.8 28.9
30 9.17 9.13 9.10 9.07 9.04
32 9.22 9.18 9.15 9.12 9.09
34 9.26 9.22 9.19 9.16 9.13
36 9.30 9.26 9.23 9.20 9.17
38 9.34 9.30 9.27 9.24 9.21
40 9.38 9-34 9.31 9.28 9.25
42 9.42 9.38 9.35 9.32 9.29
4 9.46 9.42 9.39 9.36 9.33
46 9.50 9.46 9.43 9.40 9.37
48 9.54 9.50 9.47 9.44 9.41
50 9.58 9.55 9.52 9.48 9.45
52 9.62 9.59 9.56 9.52 9.49
54 9.66 9.63 9.60 9.56 9.53
56 9.70 9.67 9.64 9.60 9.57
58 9.75 9.71 9.68 9.64 9.61
6o 9.79 9.75 9.72 9.68 9.65
62 9.83 9.79 9.76 9.72 9.69
64 9.87 9.83 9.80 9.76 9.73
66 9.91 9.87 9.84 9.80 9.77
68 9.95 9.91 9.88 9.84 9.81
70 9.99 9.95 9.92 9.88 9.85
72 10.03 9.99 9.96 9.92 9.89
74 10.07 10.03 10.00 9.96 9.93
76 10,11 10.07 10.04 10.00 9.97
78 10.15 10.11 10.08 10.04 10.01
8o 10.20 10.16 10.13 10.09 10.06

[
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29.4
8.89

29.3
8.92

29.2
8.95

29.1
8.98

.........................

MEAN BAROMETRIC PRESSURE.

29.0

30

Temp,
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MEAN BAROMETRIC PRESSURE.

Temp,| 29.5 29.6 29.7 29.8 29.9
30 8.86 8.83 8.81 8.78 8.75
32 8.90 8.87 8.84 8.81 8.78
34 8.94 8.91 8.88 8.85 8.82
36 8.98 8.95 8.92 8.89 8.86
38 9.02 8.99 8.96 8.93 8.90
40 9.06 9.03 9.00 8.97 8.94
42 9.I10 9.07 9.04 9.01 8.98
44 9.14 9.11 9.08 9.05 9.02
46 9.18 9.14 9.11 9.08 9.05
48 9.22 9.18 9.15 9.12 9.09
50 9.26 9.22 9.I9 9.16 9.13
52 9.30 9.26 9.23 9.20 9.17
54 9-34 9.30 9.27 9.24 9.21
56 9.38 9.34 9.31 9.28 9.25
58 9-42 9.38 9.35 9.32 9.28
6o 9.45 9.42 9.39 9.36 9.32
62 9.49 9.46 9.43 9.40 9.36
64 9.53 9.50 9.47 9.44 9-40
66 9.57 9.54 9.51 9.48 9.44
68 9.61 9.58 9.55 9.52 9.48
70 9.65 9.62 9.59 9.55 9.52
72 9.69 9.66 9.63 9.59 9.55
74 9.73 9.70 9.67 9.63 9.59
76 9.77 9.74 9.71 9.67 9.63
78 9.81 9.78 9.75 9.71 9.67
8o 9.85 9.82 9.79 9.75 9.71
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8.60

30.4

30.3
8.63

8.66

30.2

8.69

30.1

MEAN BAROMETRIC PRESSURE.

30.0
8.72

30

Temp,
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30.9
8.45

30.8
8.48

30.7
8.51

30.6

MEAN BAROMETRIC PRESSURE.

8.57 ' 8.54

30.5

30

Temp,
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A COMPARISON OF WIRE GAUGES.

Qe _§ ) B
- o =] o b
52 0 U] D@
B.W.G. Sed BO /M ]
%80 EE B g
B= oz z?

m
40 -454 393 460 400
3o 425 362 -409 <372
2-0 .380 .23 .364 .348
o .340 307 324 .324
I .300 .283 .28¢9 .300
2 .284 .263 .257 .276
3 .259 .244 .229 .252
4 .238 .225 .204 .232
g 220 .207 .181 .212
.203 192 162 .192
Z 180 177 144 .176
.165 162 .128 .160
9 .148 .148 .114 .144
I0 134 .135 .10I .128
II .120 .120 .0Qo .116
12 .109 .105 .080 .104
13 .095 .092 .072 .092
14 .083 .080 .064 .080
b4 .072 .072 .057 .072
1 .065 .003 .050 .004
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RAILWAY CURVES.
Radii, Degrees of Curvature, and Chord Ordinates and

Deflections.

' Ordinates for
g Ordinates. Chord Rails. _
§ | Radi Deflec. | —————

& 25. 50. tion. 18. 20.
[} 1

o 5 | 68754.94 .014 .018 .I45 | .001 | .00I
10 | 34377.48 .027 .036 .29I | ,00I | .00I
15 | 22918.33 .041 .055 .436 | .002 | .002
20 | 17188.76 | .0s35 .073 .582 | .002 | .003
25 | 13751.02 .068 .091 .727 | .003 | .004
30 | 11459.19 .082 .109 .873 | .004 | .004
35 | 9822.18 .095 127
40 8594.41 .109 145
45 | 7639.49 | .123 | .164
50 | 6875.55 .136 .182
55 | 6250.51 .150 .200

I 0] 5729.65 .164 .218
5 5288.92 177 .236

. 10 49I11.15 .IgI .25§
15 | 4583.75 .205 273
20 | 4297.28 | .218 | .291 | 2.327 | .009 | .012
25 | 4044.51 .232 .309 | 2.472 | .0o10 | .012
30 | 3819.83 .245 .327 | 2.618 | .o11 | .013
35 | 3618.80 .259 .345 | 2.763 | .o11 | .014

40 | 3437.87 .273 | .364 | 2. .

45 3274.17 .286 .382 | 3.054 | .012 | .0I5

[ R N
o e s e e v e e .
®
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RAILWAY CURVES.

Ordinates.

Ordinates for

§ Chord Rails.
20 Radii. Deflec-
a tion.
25 50. 18. 20,
I 50| 3125.36 300 .400 | 3.200 | .013 | .016
55 | 2989.43 314 .418 | 3.345 | .o14 | .o017
2 o| 2864.93 327 .436 | 3.490 | .o14 | .017
5 | 2750.35 341 .455 | 3.636 | .o15 | .018
10 | 2644.58 355 .473 | 3.781 | .015 | .o19
15 | 2546.64 368 .49t | 3.927 | .016 | .020
20 | 2455.70 382 .509 | 4.072 | .016 | .020
25 | 2371.04 -395 .527 | 4.218 | .017 | .02X
30 | 2292.01 | .409 | .545 | 4.363 | .018 | .022
35 | 2218.09 .423 .564 | 4.508 | .018 | .023
40 | 2148.79 | .436 .582 | 4.654 | .0o19 | .023
45 2083.68 .450 .600 | 4.799 | .019 | .024
50 | 2022.4I .464 .618 | 4.945 | .020 | .025
55 | 1964.64 | .477 | .636 | 5.090 | .021 | .025
3 o| 1910.08 .491 .655 | 5.235 | .021 | .026
5 1858.47 . 5058 .673 | 5.381 | .022 | .027
10 | 1809.57 .518 .691 | 5.526 | .022 | .028
15 1763.18 .532 .709 | 5.672 | .023 | .028
20 | 1719.I2 .545 .727 | 5.817 | .024 | .029
25 1677.20 .559 .745 | 5.962 | .024 | .030
30 | 1637.28 .573 .764 | 6.108 | .025 | .031
35 1599.21 .586 .782 | 6.253 | .025 | .031
40 | 1562.88 .600 | .800 | 6.398 | .026 | .032
45 | 1528.16 | .614 | .818 | 6.544 | .027 | .033
50 | 1494.95 62y .836 | 6.689 | .027 | .033
55 | 1463.16 641 .855 | 6.835 | .028 | .034
4 o | 1432.69 655 | .873 | 6.980 | .028 | .035
5 1402.46 8 .891 | 7.125 | .029 | .036
10 | 1375.40 682 .09 | 7.271 | .029 | .036
15 | 1348.45 695 | .927 | 7.416 | .030 | .037
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RAILWAY CURVES.

. Ordinates for
3 Ordinates. Chord Rails,
:'u’c Radii. Deflec-
a 25 50 ton. | 18 | 20.
4 20 | 1322.53 .709 .945 | 7.561 | .031 | .038
25 | 1297.58 | .723' .964 | 7.707 | .031 | .039
30 | 1273.57 .736 .982 | 7.852 | .032 | .039
35 | 1250.42 | .750 | 1.000 | 7.997 | .032 | .040
40 | 1228.11 .764 | 1.018 | 8.1.43 | .033 | .041
45 | 1206.57 .777 | 1.036 | 8.288 | .034 | .041
50 | 1185.78 .791 | 1.055 | 8.433 | .034 | .042
55 1165.70 .805 | 1.073 | 8.579 | .035 | .043
5 o| 1146.28 | .818 | 1.091 | 8.724 | .035 | .044
5 1127.50 .832 [ 1.109 | 8.869 | .036 | .044
10 | I1109.33 .846 | 1.127 | 9.014 | .037 | .045
15 1091.73 .859 | 1.146 | 9.160 | .037 | .046
20 | 1074.68 .873 | 1.164 | 9.305 | .038 | .047
25 1058.16 .887 | 1.182 | 9.450 | .038 | .047
30 1042.14 .900 | 1.200 | 9.596 | .039 | .048
35 | 1026.60 .9I4 | 1.218 | 9.74I | .039 | .049
40 | 10II.SI .928 | 1.237 | 9.886 [ .040 | .049
45 996.87 .94I | I.255 |10.031°| .04I | .050
50 982.64 .955 | 1.273 |10.177 | .041 | .051
55 968.81 .968 | 1.291 (10.322 | .042 | .052
6 o 955.37 | .982 | 1.309 |10.467 | .042 | .052
5 942.29 .996 | 1.327 |10.612 | .043 | .053
10 929.57 | 1.009 | 1.346 |10.758 | .044 | .054
15 917.19 | 1.023 | 1.364 |10.903 | .044 | .055
20 Q05.13 | 1.037 | 1.382 |11.048 | .045 | .055
25 893.39 | 1.050 | 1.400 [11.193 | .045 o5t
30 881.95 | 1.064 | 1.418 [11.339 | .046 | .057
35 870.79 | 1.078 | 1.437 |11.484 | .047 | .057
40 859.92 | 1.091 | 1.455 |11.629 | .047 | .058
45 849.32 | 1.105 | 1.473 |11.774 | .048 | .059




RAILWAY CURVES.

. . Ordinates for
g ofdlnates. Chofd Rails.
% Radii. Deflec-
A 25 s0. | O™ | 18. | 20.
o 0
6 50 | 838. 1.118 | 1.491 | I1.9I9| .048 | .060
55 | 828.88 | 1.132 | 1.510 | 12.065| .049 | .060
7 o| 819.02 | 1.146 | 1.528 | 12.210 .049 | .061
5| 809.40 | 1.150 | 1.546 | 12.355 .050 | .002
10 | 800.00 1.173 | 1.564 | 12.400| .05I | .063
15 | 790.81 1.187 | 1.582 | 12.645| .o51 | .063
20 | %781.84 | 1.200 | 1.600 | I12.790| .0§2 | .064
25 | 773.07 | 1.214 | 1.619 | 12.936| .052 | .065
30 | 764.49 | 1.228 | 1.637 | 13.081| .053 | .065
35 | 756.10 | 1.242 | 1.655 | 13.226| .054 | .066
40 | 747.89 | 1.255 | 1.673 | 13.371] .054 | .067
45 | 739.86 | 1.269 | 1.691 | 13.516/ .055 | .068
50 | 732.01 1.283 | 1.710 | 13.661| .055 | .068
55 | 724.31 | 1.296 | 1.728 | 13.806( .056 | .069
8 o 716.78 | 1.310 | 1.746 | 13.951| .057 | .070
5| 709.40 | 1.324 | 1.764 | 14.096| .057 [ .070
10 | %02.18 1.337 | 1.782 | 14.241| .058 o71
15 5. 1.35I | 1.801 | 14.387| .058 | .072
20 | 688.16 | 1.365 | 1.819 | 14.532| .059 | .073
25 | 681.35 | 1.378 | 1.837 | 14.677| .c59 | .073
30| 674.60 | 1.392 | 1.855 | 14.822( .060 | .074
35 | 668.15 | 1.406 | 1.873 | 14.967| .061 | .075
40 | 661.74 | 1.419 | 1.892 | 15.112| ,0061 | .076
45 | 655.45 1.433 | 1.9I0 | 15.257 .062 | .076
50 | 649.27 | 1.447 | 1.928 | 15.402| .062 | .077
55 | 643.22 | 1.460 | 1.946 | 15.547| .063 | .078
9 o| 637.27 | 1.474 | 1.965 | 15.692| .064 | .078
5| 631.44 | 1.488 | 1.983 | 15.837 .064 | .079
10 [ 625.71 1.501 | 2,001 | 15.982 .065 | .080
15 | 620.09 | 1.515 | 2.019 | 16.127| .065 | .08I

~
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RAILWAY CURVES.

Ordinates for

3- Ordinates. Chord Rails.
;)u‘c Radii. Deflec-
A 25. so. | Ho™ | 18. | z0.
9 20 | 614.56 I.529 | 2.037 [16.272 | .066 | .081
25 | 609.14 | I.542 | 2.056 |16.417 | .066 | .082
30 | 603.80 | 1.556 | 2.074 |16.562 | .067 | .083
35 | 598.57 | 1.570 [ 2.092 [16.707 | .068 | .084
40 | 593.42 | 1.583 | 2.110 {16.852 | .068 | .084
45 588.36 1.597 | 2.128 |16.996 | .069 | .085
50 | 583.38 | 1.611 | 2.147 [17.141 | .069 | .086
55| 578.49 | 1.624 | 2.165 |17.286 | .070 | .086
10 O 573.69 1.638 | 2.183 |17.431 o71 | .08%7
10 564.31 1.665 | 2.219 (17.721 o072 | .089
20 | 555.23 | 1.693 | 2.256 [18.01I | .073 ( .0QO
30 | 546.44 1.720 | 2.292 (18.300 | .074 | .092
40 | 537.92 | 1.748 | 2.329 |18.500 | .075 | .093
50 | 529.67 | 1.775 | 2.365 [18.880 | .076 | .004
I1 o | s521.67 | 1.802 | 2.402 (19.169 | .078 | .0g6
10 | 513.9T 1.830 | 2.438 |19.459 | .079 | .0g97
20 506.38 1.857 | 2.475 |19.748 | .080 | .099
30 | 499. 1.884 | 2.511 |20.038 | .08I 100
40 | 491.96 | 1.912 | 2.547 (20.327 | .082 | .102
50 | 485.05 1.938 | 2.584 |20.616 | .084 | .103
I2 o | 478.34 1.967 | 2.620 (20,906 | .085 | .105
10 | 471.81 1.994 | 2.657 |21.195 | .086 | .106
20 | 465.46 | 2.021 | 2.693 [21.484 | .087 | .107
30 | 459.28 | 2.049 | 2.730 (21,773 | .088 | .109
40 | 453.26 | 2.076 | 2,766 (22.063 | .08g | .I10
50 | 447.40 | 2.104 | 2.803 |22.352 | .09l 112
13 0| 441.68 | 2.131 | 2,839 |22.641 | .092 | .1I3
10 [ 436.12 | 2.159 | 2.876 [22.930 | .093 | .II5
20 | 430.69 | 2.186 | 2.912 [23.219 | .004 | .I16
30 | 425.40 | 2.213 | 2.949 [23.507 | .095 | .I18




RAILWAY CURVES.

Ordinates for

g Ordinates. Chord Rails.
% | Radii. Deflec-
2 tion.
A 25 50. 18. | zo.
o !
13 40 | 420.23 | 2.241 | 2.985 | 23.796! .096 | .119
50 | 415.19 | 2.268 | 3.022 | 24.085 .098 | .120
I4 o | 410.28 | 2.296 | 3.058 | 24.374]| .099 | .122
© 10| 405.47 | 2.323 | 3.095 | 24.663 .100 | .123
20 [ 400.78 | 2.351 | 3.131 | 24.95I| .¥0I | .I25
30 | 396.20 | 2.378 | 3.168 | 25.240 .102 | .126
40 | 3091.72 | 2.406 | 3.204 | 25.528| .103 | .128
50 | 387.34 | 2.433 | 3.241 | 25.817| .105 | .I129
15 o | 383.06 | 2.461 | 3.277 | 26.105| .106 | .131
10| 378.88 | 2.488 | 3.314 | 26.394| .107 | .132
20 | 374.79 | 2.515 | 3.350 | 26.682) .108 | .133
30| 370.78 | 2.543 | 3.387 | 26.970| .109 | .135
40 | 366.86 | 2.570 | 3.423 | 27.258] .x10 | .136
50 | 363.02 | 2.598 | 3.460 | 27.547| .112 | .138
16 o | 359.26 | 2.625 | 3.496 | 27.835| .113 | .139
10| 355.50 | 2.653 | 3.533 | 28.123| .114 | .14I
20 | 351.98 [ 2.680 | 3.569 | 28.411| .115 | .142
30| 348.45 | 2.708 | 3.606 | 28.699( .116 | .143
40 | 344.99 | 2.736 | 3.643 | 28.986| .117 | .145
50 | 341.60 | 2.763 | 3.679 | 29.274| .¥I19 | .146
17 o 338.27 | 2.791 | 3.716 | 29.562| .120 | .148
10| 335.0r | 2.818 | 3.752 | 29.850| .12I | .149
20 331.82 2.846 | 3.789 | 30.137| .122 | .I51
30| 328.68 | 2.873 | 3.825 | 30.425| .123 | .152
40 | 325.60 | 2.9o1 | 3.862 | 30.712 .124 | .I54
50 | 322.59 | 2.928 | 3.898 | 31.000| .126 | .I55
18 o 319.62 | 2.956 | 3.935 | 31.287| .127 | .156
10| 316.71 | 2.983 | 3.972 | 31.574| .128 | .158
20 [ 313.86 | 3.011 | 4.008 | 31.861| .129 | .I50
30 | 311.06 | 3.039 | 4.045 | 32.149| .130 | .I61
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RAILWAY CURVES.

Ordinates for

g Ordinates. Chord Rails.
B | Radii Deflec. | —————
2 2. 50. tion. 18. 20.

18 40 | 308.30 | 3.066 | 4.081 (32.436 | .131 | .162
50 | 305.60 | 3.004 | 4.118 |32.723 | .133 | .164
19 o | 302.94 | 3.I21 | 4.155 |33.010 | .134 | .165
10 | 300.33 | 3.149 | 4.19I [33.296 | .135 | .166
20 297.77 3.177 | 4.228 |33.583 | .136 | .168
30 295.25 3.204 | 4.265 (33.870 | .137 | .169
40 | 292.77 | 3.232 | 4.30I |34.157 | .138 | .17I
50 | 290.33 | 3.259 | 4.338 (34.443 | .140 | .172
20 o | 287.94 | 3.287 | 4.374 |34.730 | .141 | .174

THICKNESS OF ARCHES—BRICK.

Rad. |Thickness| Rad. |[Thickness | Rad. [Thickness
of at of at ’ of at
Arch. | Crown. ] Arch. [ Crown. JArch. | Crown.

Feet. | Inches. | Feet. | Inches. ]| Feet. | Inches.

2 6.7 II 16.0 20 2I.5
3 8.3 12 16.6 22 22.6
4 9.6 13 17.3 24 23.5
g 10.8 14 18.0 25 24.0

11.8 b 18.7 30 26.3
Z 12.7 1 19.2 35 28.4

13.6 1 19.8 40 30.4
9 14.4 I 20.4 45 32.2
10 15.1 19 209 50 34.0

For arches of granite or other hard stone the above thickness
may be reduced by one-fourth.
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DIMENSIONS AND RESISTANCES OF PURE
COPPER WIRE.*

B3 0 Resistance at 75° F.
Jea8 .
s Diameter | Feet
CEsSE | Mils er 1b
£ 253 - |- P : Ohms Feet
< Tz per mile. | per ohm.
0000 460.000 1.56 .25903 | 20383.
000 409.640 1.97 .32664 | 16165.
00 364.800 I.49 .41187 | 12820,
o 324.950 3.13 .51909 | 10409.
I 289. 300 3.95 .65490 | 8062.3
2 257.630 4.99 .82582 6393.7
3 229.420 6.29 1.0414 5070.2
4 204.310 7.93 1.3131 4021.0
g 181.940 10.00 1.6558 3188.7
162.020 12.61 2,0881 2528.7
Z 144.280 15.90 2.6331 2005 .2
128.490 20.05 3.3201 1590.3
9 114.430 25,28 4.1860 1261.3
10 101.890 31.38 5.2800 1000.0
II 90.742 40.20 6.6568 793.18
12 80.808 50.69 8.3940 629.02
13 71.961 63.91 10,585 498.83
14 64.084 80.59 [ 13.680 385.97

#*Calculated on the basis of Dr. Matthiessen’s standard, viz. :
1 mile of pure copper wire of 1-16in, diameter equals 13.59
ohms at 15.5° C. or 59.9" Fahr.
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DIMENSIONS AND RESISTANCES OF PURE
COPPER WIRE.

;&aa ok Resistance at 75° F.

6 ; g'-g Diameter Feet

Eg‘ﬁé Mils. per 1b. Ohms Feet

< per mile. | per ohm.
I 57.068 101.63 16.477 | 321.02
I 50.820 128.14 21.221 | 248.81
I 45.257 161.59 26.761 | 197.30
1 40.303 203.76 33.745 | 156.47
19 35.390 264 .26 43.765 | 120.64
20 31.961 324.00 53.658 | 98.401
21 28,462 408.56 67.660 | 78.037
22 25.347 515.15 85.283 | 61.9II
23 22.571 649.66 107.59 49.087
24 20,100 819.21 135.67 38.918
;g 17.900 1032.96 | 171.07 30.864

15.940 1302.61 215.79 24.469

2 14.195 1642.55 | 272.02 19.410
2 12,641 2071.22 | 343.02 15.393
29 11.257 2611.82 | 432.53 12.207
30 10.025 32093.97 | 545.39 9.6812
3 8.928 4152.22 | 671.99 7.8573
32 7.950 5236.66 | 867.27 6.0880
33 7.080 6602.71 | 1093.4 4.8290
34 6.304 8328.30 | 1379.3 3.8281
3 5.614 10501.35 | 1738.9 3.0363
3 5.000 | 13238.83 | 2192.5 2.4082
3 4.453 | 16691.06 | 2765.5 1.9093
3 3.965 | 20854.65 | 3486.7 1.5143
39 3.531 | 26302.23 | 4395.5 1.2012
40 3.144 | 33175.94 | 5542.1 .9527
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COPPER WIRE.

WEIGHT AND LENGTH.

AREA.

Pounds

B.W.G., |DIAMETER.| . : Feet per
! Circular | per mile,
No. Inch. Mils=d?. | 1,760 yds. pound.
0000 .454 206116 | 3294.32 1.60276
000 .425 180625 | 2886.89 1.82895
00 .380 144400 | 2307.92 2.28777
o .34 115600 | 1847.62 3.85773
I .300 Q0000 1438.43 3.6706
2 .284 80656 | 1289.I1I 4.0958
3 .259 67081 1072.15 4.9247
4 .238 56644 905.333 5.8321
g .22 48400 773.56 6.8255
.203 41209 658.638 8.0165
g .18 32400 517.844 | I10.1962
.165 27225 435.235 | 12.1345
9 .148 21904 350.089 | 15.0818
10 I34° 17956 286.99 18,398
1I 12 14400 230.152 | 22.9413
12 .109 11881 189.893 [ 27.805
13 .095 9025 144.245 | 36.6046
14 .083 6889 110.1061I| 47.954
1 .072 5184 82.855 | 63.7267
I .065 4225 67.6276, 78.1902
17 .058 3364 53.7665! 98.203
18 .049 2401 38.3748 137.590
19 .042 1764 276

28.1837l 187.
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COPPER WIRE.

WEIGHT AND LENGTH—continued.

AReA. .| Pounds
B "{IV“)G" D”I‘:;;r ER-| Circular | per mile, Feoetne;r
. * | Mils=d?. | 1,760 yds.| Pound:
20 .035 1225 19.579 269.676
21 .032 1024 | 16.3665 322.610
22 .028 784 | 12.5301 421.384 .
23 .025 625 9.9892 528.570
24 .022 484 7.7357 682.55
2 .020 400 6.39315 825.883
2! .018 324 5.17844 | 1019.61
2 .016 256 4.0916 1290.44
2 .014 196 3.13264 | 1685.48
29 .0I3 169 2.7011 1954.76
30 012 144 2,30152 | 22094.18
LENGTH AND RESISTANCE.
B.W.G., Feet per Miles per Ohms per
No. ohm. ohm, mile.
0000 19966. 5 3.7815 .264443
000 17497.15 3.31385 .301763
oo 13988.04 2.64925 -377465
o 11198.17 2,12086 .471505%
1 8718.30 1.6512 .60562
2 7813.50 1.47973 .67580
3 6498.14 1.23071 .81254
4 5487.107 1.03923 .962256
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COPPER WIRE.

LENGTH AND RESISTANCE—continued.

B.W.G., Feet per Miles per Ohms per
No. ohm. ohm. mile.
g 4688.51 .887975 1.12616
399I.9I .756044 1.3226%
7 3138.59 .59443 1.68228
8 2637.29 .499486 2.,00206
9 2121.84 .401864 2.488405
10 1739.40 329432 3.03553
II 1394.93 .264191 3.78514
12 1150.91 .217976 4.58766
13 874.252 .165578 6.03945
14 667.338 .12639 7.91203
I 502.175 .095109 10.5142 °
I 409.276 .077514 12.9008
I 325.871 .061718 16.20274
1 232.585 04405 22,7014
19 170.879 .032263 30.8991
20 149.3915 .022475 44.4947
21 99.195 .018787 53.2285
22 75.9461 .014384 69.5230
23 60.5437 .011467 87.2090
24 46.8851 .008 79 112.616
2 38.748 .007338 136.265
2! 31.3859 .005044 168.229
27 24.7987 004696 212.914
28 18.9865 .003595 278.092
29 16.3710 .003100 322,522
30 13.9493 .002641 378.514
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MELTING POINT OF METALS AND ALLOYS.

Mercury .......... eeetetentnnannearannns 38° Fah,
Tin.......... Cereeeteenaaas ereer areeas 442°
Bismuth ................. Cereeneee ceeaes 497° ¢
Lead........... Cieeeeeas teeerrernnseenes 6r2°
Zinc ............ Ceeeeiee teeeereeeenaens 773°
Antimony .....ccoiiviiiiiieeiienenennnns 810° ¢
Brass......... eeteerereatertaraetaeeanns 1,869° *°
Silver ................ vees e
German Silver.......... .
L0 ) 7 e
Gold.........cvvveunnnn PN Ceeeeenanes 2,016° **
Iron, Cast.......coovvvvenennn eeeeeeaane 2,786° ¢
. Wrought......cooivieniiieeianennan 3,286° ¢
Nickel (approxlmately) ................... 2,800° ‘¢
Manganese ¢ ...... eerareeaees 3,000°
Platinum.........cccevvene.n. ereeerenas 3,286°
FUSIBLE ALLOYS.
For SAFETY PLUGS AND FIRE ALARMS.
(FUSIBLE AMALGAM.)
Melting at 53° C.—Arcet’s metal 9 parts.
Mercury 1
(wooD’s ALLOY.)
“ 66°-71°—Lead 2 parts.
Tin ‘¢
Bismuth 7to8 *
Cadmium 1to2 *
(ARCET'S METALL.)
i 94° C.—Lead 5 parts.
Tin o
Bismuth 8 ¢
“ 210° F.—Tin 3, lead 5, bismuth about 8 parts.
“ 246° F.—Tin 4, bismuth 5, lead 1 part.
‘ 286° F,—Tin 1, bismuth 1 part.

“ Tin 2 bismuth 1 part.
334° F.— Tin 3', lead 2 parts.
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ALLOYS USED IN ELECTRICAL WORK.

- .
u ) .18
. %) o =
ALLoys. g | & 8 g% E
= o |lN | S ,S 1]
QO <‘ﬂ= )
Brass, engine bearings...| 13 |112 H ..
Tough brass, engine work.| 15 (100 | 15 | ..
‘ e 25 (160 | 5| ..
Yellow brass............. .. 2| I | .. ..
Flanges tostand brazing..| .. | 32 | 1| .. I/ ..
Bell-metal............... §1I6 | oo oo f o] .
Babbitt’s metal .......... o| 1|..| x|..]..
Brass, for bearings....... 7164 1 .00 .01 ..
¢ for straps.......... 16 (130 | 1| .. | ..] ..
Muntz's sheathing........ . 6 4| 0] .of ..
Metalto expandincooling.| .. [ .. | .. | 2| 9| 1
Pewter...........couun.. 100 | oo | oo | X7 o | .e
Spelter ........ccvnvn.... .. 1 I|..|..
Statuary bronze.......... 2| 90 5| .. 2
Type-metal ......... from| .. | .. | .. 1| 3
e to .. 1| 7
SOLDERS.
For lead................. ... 14
DL L PRI I| .. .. 2
‘“ pewter.............. 2| .. .. . I
‘ brazing (hardest).....| .. 3| I A
‘ “ hard)....... AU S N I O I
“ “ (soft)........ 1| 41| 3]..
‘“ ¢ o, or] 2| ..|..| 1




ALLOYS USED IN ELECTRICAL INSTRUMENT

WORK.
- . _— .
ARAERERRE
I FIS|E |35
o z oA
“Free” Brass......cocovenenn 2| 1| .. .
Common Brass............... .. I !, b ¢
*“Deep Red Gun” Metal.. I| 9 R
“ Best" Gun Metal........... 1| 8 ..
German lever, Best.......... 2 1|1
2nd Quahty | 2] 1].5
Babbitt’s Metal.. 10| 1 ..

Red and Best Gun Metals ought to have 13 lbs. per
cwt. of zinc added, and the alloy should be melted
twice to insure sownd castings. In making German
silver, the nickel and copper are placed in layers in the
crucible and the zinc added afterwards.

SOLDERING.

For electric apparatus resin should be used as flux.
. If chloride of zinc is used, it harbors damp, besides cor-
roding the metals. Iron line wires are soldered together
by chloride of zinc solution (zinc dissolved in spirit of
salt), with a little HCl added to clean the surfaces.
Rain cleans the joint. When copper wire is soldered to
iron, zinc, etc., resin should be used, or if chloride of
zinc, the joint should be washed afterwards to remove
the acid. Unannealed wires should be soldered at as
low 2 temperature as possible.
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SOLDERS.
Parts.

Soft spelter solder (for com- } I copper, I zmc
mon brass-work)........ 13 6 ‘‘ oriobrass
Hard spelter solder (for iron). 2 * | S
For fine brass-work.......... 8 ** 8 ** 1silver.
I

«

Forsteel...........ccovuunn. 3 19

Hard silver solder ........... ¢ - 4 ¢
Soft o reeiiees 2 silver, 1 brass wire.
Gold solder................. 24 gold, 2 silver, 1 copper.

Silver solders are used for joining the individual
wires in cables, and fine work in apparatus. They are
very fusible and non-corrosive.

Coarse tin solder...........ceeuenn tin, 1 ; lead 2 to 3.
Common tin solder................. “xp Y
Fine tin solder..................... “o2p

These are used for line wires, the last being best.

Pewterer's soft solder (for}bismuth 2 parts, lead 4,
lead)......oovvveniennnn. tin 3.

H [ o
Pewterer's common solder. blst;'?‘u;h 1 I
Pewterer’'s com. solder, fus- | bismuth 8 ** ‘g,
ing at 320° Fah.......... tin 4.
Pewterer’s com. solder, fus- | bismuth 8 “ 3,
ing at 202° Fah.......... tin s.

Mercury reduces the fusing pointstill further. These
solders are useful for soldering tinfoil in making lead
tubes and covered wires, The tenacity of fine tin solder '
is about 7,500 lbs. per square inch.

FLUXES FOR SOLDERING OR WELDING.

Iron or steel......... Borax or sal-ammoniac.

Tinned iron......... Resin or chloride of zinc.

Copper and brass. ...Sal-ammoniac or chloride of zinc.
: Chloride of zinc.

Tallow or resin.

Lead and tin pipes...Resin and sweet oil.
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BRAZING.

The edges filed or scraped clean and bright, covered
with spelter and powdered borax and exposed in a clear
fire to a heat sufficient to melt the solder.’

CASE-HARDENING.

Place horn, hoof, bone-dust, or shreds of lcather.
together with the article to be case-hardened, in an iron
box subject to a blood-red heat, then immerse the
article in cold water.

Some engineers cut up the shreds, etc., fine, and mix
them with white wine vinegar and salt.

CASE-HARDENING WITH YELLOW PRUSSIATE
OF POTASH.
Heat the articles after polishing to a bright red, rub
the surface over with prussiate of potash ; allow it to
cool to dull red, and immerse it in water.

CASE-HARDENING MIXTURES.

3 prussiate of potash to 1 of sal-ammoniac mixed, or
2 sal-ammoniac, 2 of bone-dust, and 1 of prussiate of
potash.

LACQUER FOR BRASS.

8 oz. shellac dissolved in 1 gallon spirits of wine ; or
8 oz. shellac, 2 0z. gum sandarac, 2 oz. annato, } oz.
dragon’s blood, dissolved in 1 gallon spirits of wine.

LACQUER FOR IRON.

3 lbs. asphalt, § 1b. shellac, dissolved in 1 gallon of
turpentine ; or 12 of amber, 12 of turpentine, 2 of as-
phalt, and 6 oz. of drying oil.
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CONTRACTION OF CASTINGS.

Inches of

. . Inch. length.

In thin Brass castings.........c.coci00. in 9

‘ thick *¢ i, ‘“ 10
¢ Zinc castings. .v..eivveiiiiaieanans . “
o din 113 2NN ‘

. Lead, according to purity 1*'3 to s a2

Copper ‘Y i Y6 12

“ Tin “ A, o “12

‘¢ Silver ¢ e . ‘12
“ ‘e “ small «

Cast Iron -{ castings } 5 ‘12

. X3 ‘e [ pipes.... & [ 12

‘¢ Cast Steel.

The above values fluctuate with the form of pattern,
amount of ramming, and temperature of metal when
poured. Green sand castings contract less than.loam
or dry sand castings.

PROPORTIONATE WEIGHT OF CASTING TO
WEIGHT OF WOOD PATTERN.

A Pattern weighing One
Pound made of

Bronze.
Bell Metal.
Zinc

Cast Iron
Brass.
Copper

Ibs. .| 1bs.
Pine or Fir will weigh in.. |14 [15.8|16.7,16.3|17.1,13.5
Oak ¢ ¢ ..| 9 |10.1}10.4/10.3!10.9| 8.6
Beech ¢ ‘ .| 9.7/10.9|11.4{11.3|11.9| 9.1
Linden ‘o ¢ .|13.4{15.1{16.7(15.5/16.3[12.9
Pear ¢ “ ..|10.2|11.5|11.9|11.8|12.4| 9.8
Birch ¢ ‘ ..|10.6|11.912.3(12.2|12.9[10.2
Alder ‘ o ..|12.814.3|14.9(14.7,15.5(12. 2
Mahogany ¢ .|11.7|13.2/13.713.5/14.2[11.2
Brass ¢ ¢ .10.84/0.950.99/0.98| 1.0/0.81

-
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WEIGHT OF IRON BOLTS WITH HEXAGON

NUTS.

Length. ill I &H l *" i!l III I&” I*”
ins oz oz I oz. | oz Ibs. | 1bs. |lbs.
13 3} 7 12 17 I 2 2§
2 4 74 I3 18 1 2 2
23 4 8} 14 20 I 2 3
3 ) 4 9} tg 214 | 1 2% 3¥
3 4 9 16 | 23 2 2 3
4 5 10} 17 | 24% | 205 | 2% | 3%
43 6 I 18 25 2% | 3 38
5 64 ni 19 26 2 3 3%
gé 7 12 20 28 23 | 3 4

71 13 21 29 2 3 4
6} 7 Iai 22 | 30% | 2 3% |4
7 8 14 23 | 329 | 2% 35 43
Zi 8% |15 24 | 333 | 248 | 3 4g

8 154 | 25 35 3 4 |4
84 9f |1 26 | 364 | 37| 43 |5
9 9% | 16 27 | 373 | 3 4 |5
9% Igg 17 28 | 39 | 3 4 |5
10 I 18 29 48 | 3 4 5
Tof | 11 18 30 | 414 | 34 4 5
11 n |19 3t | 43 | 3 4t | s
114 11% 2 32 443 3§ 5 6
12 124 | 21 33 | 458 | 3 58 | 63




CRUSHING STRENGTH OF WROUGHT IRON
COLUMNS WITH FLAT END BEARINGS.

Pressures in 1bs. per square inch.

Length

of Column in Square Pheenix
Terms of Least Column. Column.

Diameter.
I0 37.740 41.609
11 37.733 41.404
12 37.581 41.189
13 - 37.421 40.961
14 37.249 40.721
1 37.067 40.476
I 36.876 40.212
I 36.679 39.935
1 36.470 39.645
19 36.252 39.343
20 36.024 39.030
21 35.785 38.706
22 35.544 38.373
23 35.292 38.029
24 35.033 37.677
2 34.767 37.317
. 2 34.492 36.949
2 34.212 36.575
2 33.929 36.192
29 33.639 35.807
30 33.344 35.424
31 33.044 35.021
32 32.740 34.621
33 32.431 34.219
34 32.120 33.813
35 31.806 33.406
40 30.198 31.352
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ULTIMATE STRENGTH OF COLUMNS WITH

ONE PIN END.
Length i
of Column in Square Pheenix
Terms of Least Column. Column,
Diameter.

10 37.506 38.567
I1 37.188 38.145
12 36.860 1 37.713
13 36.524 37.270
14 36.178 36.817

I 35.824 36.364

1 35.494 35.940
17 35.121 35.458
18 34.748 © 34.957
19 34.368 34.470
20 33.971 33.962
21 33.566 ' 33.445
22 33.152 32.9I9
23 32.729 32.386
24 32.299 31.847
25 31.862 31.304
26 31.420 30.759
2 30.973 30.212
2 30.523 29.664
29 30.070 29.117
30 29.615 . 28.571
3z 29.153 28.029
32 28.703 27.489
33 28.246 26.948
34 27.794 26.424
3 27.337 25.899
3 26.885 25,381
3 26.424 24.869
3 25.990 24.364
39 25.547 23.866
40 25.109 23.377
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ULTIMATE STRENGTH OF COLUMNS WITH
TWO PIN ENDS.

Length .
of Column in Square Pheenix
Terms of Least Column, Column.
Diameter.

10 36.128 34.515
1 35.690 33.914
12 35.240 33.440
13 34.780 32.922
14 34.307 32.374

I 33.800 31.825

1 33.319 31.240

1 33.814 30.669

1 32.296 30.084
19 31.766 29.494
20 31.226 28.894
21 30.679 28,283
22 30.126 27.670
23 29.568 27.057
24 29.007 26.444

2 28.444 %25.834

2 27.880 25.229
27 27.318 24.629
28 26.759 24.036
29 26.202 23.451
30 25.650 22.874
31 25.103 22,307
32 24.561 21,750
33 24.028 21,204
34 23.501 20.669

3 22.982 20.146

3 22.472 19.635

3 21.970 19.135

3 21.477 18.647
39 20.994 18.172
40 20.520 17.709
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TABLE SHOWING THE AREA, AVERAGE DEPTH,
AND ELEVATION OF THE PRINCIPAL LAKES
ON THE GLOBE.

. Elevation of
Names of A‘S\rea :n Al\serazge surface above
Lakes. 1\252 se in ?get level of the sea
. . in feet.
Caspian Sea..... 145,000 250 - —83.4
Sea of Aral...... 30,000 100 —26
Dead Sea........ 300 200 —I,312
Lake Baikal...... 14,000 .. 1,280
Lake Superior....| 31,500 1,000 600
Lake Michigan...| 23,150 1,000 578
Lake Huron..... 23,100 1,000 578
Lake Erie........ 7,800 204 565
Lake Ontario.... 6,900 636 231
Lake Nicaragua.. 4,000 300 300
Lake Titicaca.... 4,000 700 12,846
Great Salt Lake. . 1,875 .. 4,210
Lake Tchad......| 14,000 .. 830
Lake Ladoga..... 6,190 1,200 .

ANNUAL RAINFALL IN THE UNITED STATES.
ON THE ATLANTIC SEABOARD.

Inches.
Boston (l1at. 42°2I'). .. viviiiiininneieneranoenns 44
New York (1at. 40°43 ). v cerieeiineienrnnenenes 45
Philadelphia (lat. 40°)..... eeeeenneatarreaeas 43%
Washington (lat. 38°53').....ccuveenienneceennnn 40
Charleston (lat. 32°46').....ceveenerennnnacaness 48
St. Augustine (lat. 29°48") ......oviveiiaineennnn 32



ON THE GULF.

Inches
Mobile (lat. 30°42"). .. cevvvenrenirernneonnoannns 64
New Orleans (lat. 29°57).c...cvvvvevenieeiennnn 51
IN THE MississiPPI VALLEY.

St. Louis (lat. 38°37'). ¢ ciieeninneeieinnnnnonens 42
Cincinnati (Iat. 39°6") . ..cooeveireneiienninenns . 47
ON THE PAcrFic CoAsT.

Portland, Oregon (lat. 46°II').......cc0vvuvnnn.. 39
Port Oxford (lat. 42°44"). c e veveeerennne ceennnn 71
San Francisco (lat. 37°48')...c..coviiiiiinennn.. 23

DISTANCES AND AREAS ON THE SURFACE
OF THE GLOBE.

At ° Lat. Longitude. Latitude.
Feetto1'. [Milesto1°.| Feet to 1’. [Milestor1®.

o 6086 69.15 6045 68.69
10 5904 68.11 6047 68.70
20 5721 65.01 6053 68.77
30 5275 50.94 6061 68.88
40 4669 53.05 6071 69.00
45 4311 48.99 6076 69.05
g: 3920 44.54 6081 69.10
3051 34.66 6091 69.21

o 2088 23.73 6100 69.32
0 1060 12.05 6105 69.38
90 o o 6107 69.39
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TABLE OF VOLUMES OF AIR OR OTHER GAS-
EOUS BODY AT DIFFERENT PRESSURES
AND TEMPERATURES.—THE VOLUME AT 60° F.
AND 30 INCHES BAROMETRIC PRESSURE BEING TAKEN
AS A STANDARD UNIT.

Bar. Temperature.

In. 48° 50° 52° 54° 56° 58°
28.0 .g60 .956 .951 .946 .942 .937
28.1 | .964 | .959 | .955| .95 | .945 | .04I
28.2 | .967| .963| .958 | .953 | .949 | .944
28.3 971 .966 | .g6r <957 .952 .947
28.4 | .974| .970| .965 | .960 | .955 | .95X
28.3 978 { .973 | .968 | .964 | .959 | .954
28, .981 .977 .972 .967 .962 .958
38.Z .985 .980 .975 .970 .966 .g61
28. .988 | .984 | .979 1 .974 | .969 | .964
28.9 .992 | .987 .982 | .977 ! .973 | .968
29.0 .995 .990 .986 .981 .976 .971
29.1 | .999 | .994 | .989 | .984 | .979 | .975
29.2 | 1,002 .997 .992 .988 .982 .978
29.3 | 1.006 | 1,001 .996 | .g9I .986 | .98I
29.4 | 1.009 | 1.004 | .999 | .995 | .990 | .985
z9.g 1.013 | 1.008 | 1.003 .998 .993 .988
29. 1.016 | 1,011 | 1.006 | I.00I .996 | .992
29.Z 1.019 | 1,015 | I.010 | 1.005 | 1.000 { .9Q§
29. 1.023 | 1,018 | 1.013 | I.008 | I.003 .998
29.9 | 1.026 | 1.022 | 1.017 | 1.012 | I.007 | 1.002
30.0 | 1,030 | I.025 | 1.020 | I.0I5 | I,0IO | I.005
30.1 [ 1.033 | 1.029 | 1.024 | I.0IQ9 | I.014 | I.00Q
30.2 | 1.037 { 1.032 | 1.027 | I.022 | I.017 | I.012
30.3 | 1.040 | 1,036 | 1.030 | 1.025 | 1,020 | I.015
30.4 | 1.044 | 1.039 | 1.034 | I.029 | 1.024 | I.0I9
3o.g 1.047 | 1.042 | 1.037 | 1.032 | 1.027 | 1,022
30. I.05T | 1,046 | 1.04I | 1.036 | 1.031 | 1.026
30.7 | 1.054 | 1.049 | I.044 | 1.039 | 1.034 | 1.029
30.8 | 1.058 | 1.053 | 1.048 | 1.043 | 1.037 | 1.032
30.9 | 1.061 | 1.056 | 1.051 | 1.046 | I.041 | 1.036
31.0 | 1.065 | 1.060 | 1.055 | 1.049 | 1.044 | 1.039
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TABLE OF VOLUMES OF AIR OR OTHER GAS.
EOUS BODY AT DIFFERENT PRESSURES
AND TEMPERATURES—continucd.

Bar. Temperature.

In. 60° 62° 64° 66° 68 °
28.0 .932 .927 .922 .917 .9I2
28.1 .936 .930 .926 .g2I .916
28.2 | .939 .934 929 | .924 [ .919
28.3 .942 .937 .932 .928 .922
28.4 .946 .41 .936 .931I .926
28. -949 -944 .939 .| .934 | -929
28. .953 .947 .943 .938 .932
28. .956 .951 .946 .941 .936
28, .959 .954 .949 | .944 -| .939
28.9 .963 .958 .953 .948 .042
29.0 .966 .961 .956 .95I .946
29.1 -969 -964 959 | -954 .949
29.2 .973 .968 .963 .958 .952
29.3 .976 .971 .966 .g61 .956
29.4 .980 .975 - .969 .964 .959
29. .933 .978 .973 .968 .962
29. .986 .981 .976 .971 .966
29. -990 .985 .980 .974 .969
29. .993 | .988 .983 .978 .972
29.9 .997 .991 .986 .981 .976
30.0 1.000 .995 .990 .985 .979
3o0.1 1.003 .998 .993 .88 .983
30.2 | I1.007 1.002 .996 .99I .986
30.3 1.010 1.005 1.000 .995 .989
30.4 1.014 1.008 1.003 .998 .993
30.5 | I.017 1.0I2 1.006 | 1.001 .996
30.6 1.020 1.015§ 1.0I0 | I.00§ .999
3o.g 1.024 1.018 1.013 1.008 1.003
30. 1.027 1.022 1.017 | 1.01I 1.006
30.9 | 1.031 1.025 1.020 | 1.015 | 1.009
31.0 1.034 1.029 1.023 1.018 1.013
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TABLE OF VOLUMES OF AIR OR OTHER GAS-
EOUS BODY AT DIFFERENT PRESSURES
~ AND TEMPERATURES—continued.

Bar. Temperature.

In. 70° 72° 74° 76° 78°
28.0 .9o7 .Q02 .897 .892 .887
28.1 .QII .9o5 .9oo .895 .8g0
28.2 .914 .90g .904 .898 .893
28.3 .917 .QI2 .9o07 .Q02 .896
28.4 .921 .9I5 .9I0 .9o5 .90o
28. .924 .919 .QI4 .go8 .903
28, .927 .922 .917 .912 .Qob
28.7 .931 .925 .920 .9I5 .Qog
28.8 .934 .929 .924 .918 .QI3
28.9 .937 .932 .927 .921 .9I16
29.0 .941 .935 930 | .925 -9I9
29.1 944 -939 -933 .928 .923
29.2 .947 .942 .937 .931 .926
29.3 -950 .945 910 | .935 .929
29.4 -954 949 943 .938 932
29. .957 .952 947 941 936
29. .96o .955 -950 944 -939
29.7 .964 .959 .953 .948 -942
29.8 .967 .g62 .957 .951 .946
29.9 .970 .965 .960 .954 -949
30.0 .974 .g68 .963 .958 .952
30.1 .977 .972 .966 .961 .955
30.2 .980 -975 -970 .964 -959
30.3 .984 .978 .973 .968 .g62
30.4 .937 .982 .976 .971 .q6s5
30.5 .990 -985 .980 974 -969
30.6 .994 .988 .983 .977 .972
30. .997 .992 .986 .981 .975
30. 1.000 .995 .990 .984 .978
30.9 1.004 .998 .993 .987 .982
31.0 | 1.007 I.002 .996 .99I .985
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OF THE VOLUME AND WEIGHT OF DRY AIR

AT DIFFERENT TEMPERATURES UNDER A CONSTANT AT-
MOSPHERIC PRESSURE OF 29.92 INCHES OF MERCURY,
THE VOLUME AT 32° FAHRENHEIT BEING I.

Temp. | Volume | Weight [Temp. [ Volume | Weight
in | in cubic |of cub. ft.] in |in cubic |of cub. ft.
Deg. feet. in 1bs. | Deg. feet. in 1bs.
32 1.000 0.0807 | 650 | 2.260 0.0357
42 1.020 0.0791 700 | 2.362 0.0338
gz 1.041 0.0776 Zgg 2.464 0.0328
2 1.061 0.0761 2,566 0.0315
72 1.082 0.0747 | 8s0 | 2.668 0.0303
1.102 0.0733 900 | 2.770 0.0292
92 1.122 0.0720 950 | 2.872 0.0281
102 I1.143 0.0707 | 1,000 2.974 0.0268
112 1.163 o. 1,I00 | 3.177 0.0254
122 1.184 0.0682 § 1,200 | 3.381 0.0239
132 1.204 0.0671 § 1,300 | 3.5% 0.0225
142 1.224 0.0660 | 1,400 | 3.789 0.0213
:gz 1.245 0.0649 x,ggo 3.993 0.0202
162 1.265 0.0638 | 1,600 | 4.197 0.0192
xgz 1.285 0.0628 | 1,700 | 4.401 0.0183
182 1.306 0.0618 | 1,800 | 4.605 0.0175
192 1.326 0.0609 § 1,900 | 4.809 0.0168
202 1.347 0.0600 | 2,000 | 5.012 0.0161
212 1.367 0.059I § 2,100 [ £.216 0.0155
230 1.404 0.0575 § 2,200 5.420 0.0149
250 1.444 0.0559 | 2,300 5.624 0.0142
275 1.495 0.0540 | 2,400 | 5.828 0.0138
300 1.546 0.0522 | 2,500 | 6.032 0.0133
325 1.597 0.0506 | 2,600 | 6.236 0.0130
350 1.648 0.0490 | 2,700 | 6.440 0.0125
375 1.689 0.0477 | 2,800 | 6.644 0.0127
400 1.750 0.0461 | 2,900 | 6.847 o.or18
450 1.852 0.0436 | 3,000 | 7.051 0.0114
500 1.954 0.0413 § 3,100 | 7.255 0.0III
ggg 2.056 0.0384 | 3,200 | 7.459 0.0108
2,158 0.0376
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HEAT PRODUCED BY COMPRESSION OF AIR.

) Pressure. g ) § -
] E] [TR ) 88
8 - - ;1 9 3 ¢ | 24
2 |88 ./ 85el| g% |5 3| 588
a, =R agas ol 1 S R R
2 o= og|a=28] 9 ¢ .| E_w
E |2egz|Tese| E £ £ 3zEA
S |§3388|5888| 2 E g|d8¢
< |83wS|888E| 3 |8 g8
&3 g L
-
1.00 14.70 00 1.0000 60.0 00

1.25 18.37
I1.50 22.05 7.35 | o.7501 124.9 6
1.75 25.81 II.II 0.6724 151.6 91
2.00 29.40 14.70 | 0.6117 175.8 115,
2.50 | 36.70 22.00 | o0.5221 | 218.3| 158.3
3.00 | 44.10 29.40 | 0.4588 | 255.1 195.1
3.50 5I.40 36.70
4.00 58.80 44.10
.00 73.50 58.80
.00 88.20 73.50
.00 | I02.90 88.20
.00 | 117.60 | 102.90
9.00 | 132.30 117.60
N 10.00 | 147.00 132.30
15.00 | 220.50 205. 80
20.00 | 204.00 | 279.30
25.00 | 367.50 | 352.80
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cloth. Third edition...........ocveet eiiiienneee. 2 80

BOWIE (AUG. J., Jun.,, M. E.) A Practical Treatise on
Hydraulic Mining in California. With Descrigtion of
the Use and Construction of Ditches, Flumes,
Wrought-iron Pipes, and Dams; Flow of Water on
Heavy Grades, and its Applicability, under High
Pressure, to Mining. Third edition.” Small quarto, |
cloth, Illustrated........ covveneiiniinieniannne.s «es § 0O

BURGH (N. P.) Modern Marine Engineering, applied
to Paddle and Screw Propulsion. Consisting of 36
colored plates, 259 practical woodcut illustrations, and
403 pages of descriptive matter. Thick 4to vol., half
MOFOCCO. ¢ vt rnnncrerirensees sannaensnen. ¢ ereiee..10 00

BURT (W. A)) Key to the Solar Compass, and Survey-
or's Companion. Comprising all the rules necessary

for use in the field. Pocket-book form, tuck ... ..... 2 50
CAIN (Prof. WM.) A Practical Treatise on Voussoir and
Solid and Braced Arches. 16mo. cloth extra..... ... 175

CALDWELL (Prof. GEO. C., and BRENEMAN (Prof.
A. A.) Manual of Introductory Chemical Practice.
8vo, cloth. Illustrated....... et e eeiieceseesaee. 1 50

CAMPIN (FRANCIS). On the Construction of Iron
Roofs. A Theoretical and Practical Treatise, with
wood-cuts and plates of Roofs recently executed. 8vo,

cloth.... ... ....... tie tiee. 2 00
CHURCH (JOHN A.) Notes of a Metallurgical Journey
in Europe, 8vo,cloth............... .cooocvs conael, 2 co

CLARK (D. KINNEAR, C.E.)) A Manual of Rules,
Tables and Data for Mechanical Engineers. Illus-
trated with numerous diagrams. 1orz pages. 8vo,
cloth .......... Creeeres seeeenes Ceeeieie e, 5 00
Half mOrocco.... ... vt iiiiiiieiniiansecsenaseansns 7 50

Fuel; its Combustion and Economy, consisting of
abridgments of Treatise on the Combustion of Coal.
By C. W. Williams; and the Economy of Fuel, by
T. S. Prideaux. With extensive additions in recent
Eractice in the Combustion and Economy of Fuel,

oal, Coke, Wood, Peat, Petroleum, etc. 12mo, cloth. 1 50
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CI.ARK (D. KINNEAR, C.E.) The Mechanical En-
dineer's Pocket Bouk of Tables, Formulee, Rules,
and Data. A Ham}}' Book of Reference for Daily
Use in Engineering Practice. 16mo, morocco........ 3 oo

(JACOB M.) A new System of Laying Out Rail-
way Turn-outs instantly, by inspection from tables.
12mo, leatherette............ P )

CLEVENGER (S. R)) A Treatise on the Method of
Government Surveying as prescribed by the U. S.
Congress and Commissioner of the General Land
Office. 16MO, MOFOCCO .ovivuererrinerersrrsee.neees 3 50

COLBURN (ZERAH). The Gas-Works of London.
12mo, boards.....c.coieeiiiis diiiiiain. o [P

COLLINS (JAS. E.) The Private Book of Useful Alloys
alnthemora.nda for Goldsmiths, Jewellers, etc. 18mo,
cloth.....oooiier (0 i L e, eeees SO

CORNWALL (Prof. H. B.) Manual of Blow-pipe An-
alysis, Qualitative and Quantitative. With a Com-
plete System of Descriptive Mineralogy. 8vo, cloth,
with many illustrations. ............ teseres ssseseeies 2 50

CRAIG (B. F.) Weights and Measures. An account of
the Decimal System, with Tables of Conversion for
Commercial and Scientific Uses. Square 32mo, limp

cloth...... et et eeeieetieiiecesaiesncanan 50
(Prof. THOMAS). Elements of the Mathematical
Theory of Fluid Motion. 16mo, cloth....... Ceernes . 125

CUMMING (LINNZEUS, M.A.) Electricity treated
Experimentally. For the use of Schools and Stu-
dents. New edition. 12mo, cloth............ eeeee.. $1 50

DIXON (D. B.) The Machinist's and Steam Engineer's
Practical Calculator. A Compilation of Useful Rules
and Problems arithmetically solved, together with
General Information applicable to Shop-Tools, Mill-
Gearing, Pulleys and Shafts, Steam Boilers and En-
gines, Embracing valuable Tables and Instruction
in Screw -cutting, Valve and Link Motion, etc. 16mo,
full morocco, pocket form .. ...... ........ [ 2 00

DODD (GEO.) Dictionary of Manufactures, Mining,
Machinery, and the Industrial Arts. 12mo, cloth..... 1 s0

S —
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DORR (B. F.) The Surveyor’s Guide and Pocket Table
Book. 18mo, murocco flaps. Second edition ... ......

DUBOIS (A. J.) The New Method of Graphic Statics.
With 6o illustrations. 8vo,cloth......... ............

EDDY (Prof. H. T.) Researches in Graphical Statics.
Embracing New Constructions in Graphical Statics, a
New General Method in Graphical Statics, and the
‘l;he;l)ry of Internal Stress in Graphical Statics. 8vo,
cloth........... eveeeieeenes ceenens e,

——— Maximum Stresses under Concentrated Loads.
Treated graphically. Illustrated. 8vo, cloth... ....

EISSLER (M.) The Metallurgy of Gold; a Practical
Treatise on the Metallurgical Treatment of Gold-
Bearing Ores. 187 illustrations. 12mo, clL...........

The Metallurgy of Silver; a Practical Treatise on
the Amalgamation, Roasting, and Lixiviation of
Silver Ores. 124 illustrations, 1amo, cloth ..........

The Metallurgy of Argentiferous Lead; a Practi-
cal Treatise on the Smelting of Silver-Lead Ores and
ghe re{mil::g of Lead Bullion. With 183 illustratiol

vo,cloth...ooooviiiieniiinan,

ELIOT (Prof. C. W.) and STORER (Prof. F. H) A
Compendious Manual of Qualitative Chemical An-
alysis. Revised with the co-operation of the authors,
by Prof. William R. Nichols. Illustrated. 16th edi-
tion. Newly revised by Prof. W. B. Lindsay. 12mo,

cloth..........oooiian teeressesratessnatotanaane .
EVERETT (J. D.) Elementary Text-book cf Physics.
Illustrated. tamo,cloth .. .....coviiiviiiiiiiiiinne,

FANNING (J. T.) A Practical Treatise on Hydraulic
and Water-su[y)ly Engineering. Relatin% to the
Hydrology. Hydrodynamics, and Practical Construc-
tion n{ hatcr-works in North America. [llustrated.
8vo, Cloth. ..e ittt i e tee e e e

FISKE (Lieut. BRADLEY A., U.S.N.) Electricity in
Theory and Practice; or, The Elements of Electrical
Engineering. 8vo, cloth......... LR Ceeeieees

FLEMING (Prof. A. J.) The Alternate Current Trans-
former in Theory and Practice. Vol. I.—The Induc-
tion of Electric Currents. Illustrated. 8vo, cloth....

2 o0

1 50

150

5 00

5 oo

2 50

3 oo
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FOLEY (NELSON), and THOS. PRAY, Jr. The Me-
chanical Engineers’ Reference-book for Machine and
Boiler Construction, in two parts. Part I—General
Engineering Data. Part 2—Boiler Construction.
With fifty-one Plates and numerous illustrations,
specially drawn for this work. Folio, half mor.......25 oo

FORNEY (MATTHIAS N.) Catechism of the Locomo-
tive. Revised and enlarged. 8vo,cloth. .. ......... 3 50

FOSTER (Gen, J. G.. U.S. A) Submarine Blasting in
Boston Harbor, Massachusetts. Removal of Tower
and Corwin Rocks., Illustrated with 7 plates. 4to,

cloth........ cesnsisessbascanns e iterets cecaieeieees 3 50
FRANCIS (Jas. B.,, C.E.) Lowell Hydraulic Experi-
ments. ing a selection from experiments on Hy-

‘draulic Motors, on the Flow of Water over Weirs, in
open Canals of uniform rectangular section, and
through submerged Orifices and diverging Tubes.
Made at Lowell, Mass. Illustrated. 4to, cloth......15 oo

GERBER (NICHOLAS). Chemical and Physical An-

alysis of Milk, Condensed Milk, and Infant’s Milk-
Food. 8vo, cloth............... seisesanniineenere oo 125

GILLMORE (Gen. Q. A.) Treatise on Limes. Hydraulic
Cements, and Mortars. With numerous illustrations,
8vo, cloth....... e feeaees P 4 00

Practical Treatise on the Construction of Roads,
Streets, and Pavements. With 7o illustrations.

12zmo, cloth.......ociiiiiiiiiiiii i 2 00
Report on Strength of the Building-Stones in the
United States, etc, Illustrated. 8vo,cloth.... ...... 1 00

GOODEVE (T. M.) A Text-book on the Steam-Engine
Witha«SugpIement on Gas-Engines. 143 illustrations.
12mo, cloth. ............... e teeiaeae. tieeieeens 4.0s 2 00

GORE (G., F.R.S.) The Art of Electrolytic Separation
of Metals, etc. (Theoretical and Practical.) Illus-
trated. 8vo, cloth ....... ........ialls e ... 350

GRAY (JOHN, B.Sc.) 'Electrical Influence Machines.

full account of their historical development and

modern forms, with instructions for making them. 89
illustrations and 3 folding plates. :2mo, cloth........ 175
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GRIMSHAW (ROBERT, M.E.) The Steam Boiler.
Catechism. A Practical Book for Steam Engineers,
Firemen and Owners and Makers of Boilers of any
kind. Illustrated. Thick :8mo, cloth................

GRIFFITHS (A. B,, Ph.D.) A Treatise on Manures, or
the Philosophy of Manuring. A Practical Hand-book
for the Agriculturist, Manufacturer, and Student.
1zmo, cloth. ............... et

GRUNER (M. L.) The Manufacture of Steel. Trans-
lated from the French, by Lenox Smith; with an
appendix on the Bessemer process in the United States,
by the translator. Illustrated. 8vo,cloth..... ......

GURDEN (RICHARD LLOYD). Traverse Tables:
computed to 4 places Decimals for every ° of angle
up to 100 of Distance. For the use of Surveyors and
Engineers. New edition. Folio, half mor............

HALSEY (F. A.) Slide-valve Gears, an Explanation of
the Action and Construction of Plain and Cut-off Slide
Valves. Illustrated. 12mo, cloth. Second edition..

HALF-HOURS WITH MODERN SCIENTISTS. Lec-
tures and Essays. By Profs. Huxley, Barker, Stir-
ling. Cope, Tyndall, Wallace, Roscoe, Huggins,
Lockyer, Young, Mayer, and Reed. Being the Uni-
versity Series bound up. With a %eneral introduction
by Noah Porter. President of Yale College. 2 vols.
12mo, cloth. Illustrated... ............

HAMILTON (W. G.) Useful Information for Railway
Men. Tenth edition, revised and enlarged. 562
pages, pocket form. Morocco, gilt......... ceeniveras

HARRISON (W. B.) The Mechanics’ Tool Book. With
Practical Rules and Suggestions for use of Machin-
ists, Iron-Workers, and others. Illustrated with 44
engravings. 12mo, cloth............

HASKINS (C. H.) The Galvanometer and its Uses, A
Manual for Electricians and Students. 1zmo, cloth..

HEAP (Major D. P, U. S. A.) Electrical Appliances of
the Present Day. Report of the Paris Electrical Ex-
position of 1881. 2so illustrations. 8vo,cloth, ... ..

2 oo

3 oo

7 50

1 50

2 00

W
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HERRMANN (GUSTAV). The Graphical Statics of
Mechanism. A Guide for the Use of Machinists,
Architects, and Engineers ; and also a Text-book for
Technical Schools. Translated and annotated by
A. P. Smith, M.E. 12mo, cloth, 7 folding plates..... 2 00

HEWSON (WM.) Principles and Practice of Embankin,
Lands from River Floods, as applied to the Levees o
the Mississippi. 8vo,cloth... ............ cesesiesnne 2 00

HENRICI (OLAUS). Skeleton Structures, Applied to
the Building of Steel and Iron Bridges. Illustrated.. 1 so

HOBBS (W. R. P.) The Arithmetic of Electrical Meas-
ur ts, with ous examples. 12mo,cloth.... so

HOLLEY (ALEXANDER L.) Railway Practice. Amer-
ican and European Railway practice in the Economi-
cal Generation of Steam, including the Materials and
Construction of Coal-burning Boilers, Combustion,
the Variable Blast, Vaporization, Circulation, Super-
heating, Supplying and Heating Feed.-water, etc.,
and the Adaptation of Wood and Coke-burning
Engings to Coal-burning; and in Permanent Way,
including Road-bed, Sleepers, Rails, Joint Fastenings,
Street ilways, etc. ith 77 lithographed plates.
Folio, cloth....... Ceesetitaretaeaaaes PPN P .12 00

HOLMES (A. BROMLEY). The Electric Light Popu-
larly Explained. Fifth edition. Illustrated, 12mo,
paper. ........... tees seibeieaaenaes e, 40

HOWARD (C. R.) Earthwork Mensuration on _the
Basis of the Prismoidal Formula. Containing Sim-
le and Labor-saving Method of obtaining Prismoidal
ontents directly from End Areas. Illustrated b
Examples and accompanied by Plain Rules for Practi-
cal Uses, Illustrated. 8vo,cloth. ................. .. 150

HUMBER (WILLIAM, C. E.) A Handy Book for the
Calculation of Strains in Girders, and Similar Struct-
ures, and their Strength; Consisting of Formulz and
Corre_spondinﬁ' Diagrams, with numerous dctails for
p{a(;:.ncal application, etc. Fourth edition, 12mo,
clot .

HUTTON (W, S.) Steam-Boiler Construction. A Prac-
tical Hand-book for Engineers, Boiler Makers, and
Steam Users. With upwards of 300 illustrations,
8vo, cloth....... e eereiees eeeeeesieiaeee veeiaee 7 00
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ISHERWOOD (B. F.) Engineering Precedents for
Steam Machinery. Arranged in the most practical
and useful manner for Engineers. With illustrations.
2vols, inx. 8vo,cloth....... .cooiiviiniiiiinas vee. 2 50

JAMIESON (ANDREW, C.E.) A Text-book on Steam
and Steam-Engines. Illustrated. 12mo, cloth....... 3 oo

Elementary Manual on Steam and the Steam-En-
gine, 12mo, cloth ....... ....cciiiiil tiiiiiiiie ., 1 40

JANNETTAZ (EDWARD). A Guide to the Determina-
tion of Rocks; being an Introduction to Lithology.
Translated from the French by Professor G. W.

Plympton., 12mo, cloth.........iovviviiniiininnaa, . 150
JONES (H. CHAPMAN). Text-book of Experimental
Organic Chemistry for Students. 18mo, cloth........ 1 00

JOYNSON (F. H)) The Metals used in Construction,
Iron, Steel, Bessemer Metal, etc. Illustrated. 12mo,

cloth..c.ovvvnviiiiianns vonnen N . e 75
Designing and Construction of Machine Gearing.
Illustrated. 8vo,cloth........v..cvuuutn. I, s 200

KANSAS CITY BRIDGE (THE). With an Account of
the Regimen of the Missouri River and a Description
of the Methods used for Founding in that River. By
0. Chanute, Chief Engineer, and George Morrison,
Assistant Engineer. Illustrated with s lithographic
views and 12 plates of plans. 4to,cloth.............. 6 o0

KAPP (GISBERT, C.E.) Electric Transmission of
Energy and its fransformazion. Subdivision, and Dis-
tribution. A Practical Hand-book. 12mo, cloth..... 3 0o

KEMPE (H. R.) The Electrical Engineer's Pocket
Book of Modern Rules, Formulse, Tables, and Data.
Illustrated. 32mo, mor. gilt... teeeniiessennianas 175

KING (W. H.) Lessons and Practical Notes on Steam,
The Steam-Engine, Propellers, etc., for Young Ma-
rine Engineers, Students, and others. Revised by
Chief Engineer J. W. King, United States Navy,
8vo, cloth........ seesns R N X -}

KIRKALDY (WM. G.) TIllustrations of David Kir-
kaldy’s System of Mechanical Testing, as Originated
and Carried On by him during a Quarter of a Century.
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Comprising a Large Selection of Tabulated Results,

showing the Strength and other Properties of Ma-

terials used in Construction, with Explanatory Text

and Historical Sketch. Numerous engravings and 25

lithographed plates. 4to,cloth.......... «.ccevveti. 35 00
KIRKWOOD (JAS. P.) Report on the Filtration of

River Waters for the supply of Cities, as practised in

Europe. Illustrated by 30 double-plate engravings.

4to, cloth...... . « teseees 40,15 00

LARRABEE (C. S.) Cipher and Secret Letter and Tele-
graphic Code, with Hog's Improvements., 18mo,

cloth........ . Cetiee teeecieraies asneeeereiaans R )
LARDEN (W.,M.A.) A School Course on Heat. 1zmo,
half leather......c. coveeivirernnenennnnans ieeeees ves 200

LEITZE (ERNST). Modern Heliographic Processes.
A Manual of Instruction in the Art of Reproducing
Drawings, Engravings, etc., by the action of Light.
With 32 wood-cuts and ten specimens of Heliograms.
8vo, cloth. Second edition............ ........ vetees 300

LOCKWOOD (THOS. D.) Electricity, Magnetism, and
Electro-Telegraphy. A Practical Guide for Students,
Operators, and Inspectors. 8vo, cloth, Third edi-
tion..... veerens vesenns freerees sesaaneeans eeeane reesen 2 50

LODGE (OLIVER ].) Elementary Mechanics, includ-
ing Hydrostatics and Pneumatics, Revised edition.
12mMO0, Cloth. Lovii ittt i s . 120

\
LOCKE (ALFRED G, and CHARLES G.) A Practical
Treatise on the Manufacture of Sulphuric Acid.
With 77 Constructive Plates drawn to Scale Measure-
ments, and other Illustrations. Royal 8vo, cloth...... 15 00

LOVELL (D. H.) Practical Switch Work., A Hand-
book for Track Foremen. Illustrated. :2mo, cloth.. 1 so
LUNGE (GEO.) A Theoretical and Practical Treatise
on the Manufacture of Sulphuric Acid and Alkali with
the Collateral Branches. Vol. I. Sulphuric Acid.
Second edition, revised and enlarged. 342 Illustra-
tions. 8vo., cloth.......... ceeeenaes teeereeresisennnes
and HUNTER F.) The Alkali Maker’s Pocket-
Book. Tables and Analytical Methods for Manufac-
wurers of Sulphuric Acid, Nitric Acid, Soda, Potash
and Ammonia. Second edition. 12mo, cloth... ..... 3 00

15 00
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MACCORD (Prof. C. W.) A Practical Treatise on the
Slide-Valve by Eccentrics, examiningsb methods the
action of the Eccentric upon the Slide-Valve, and
explaining the practical processes of laying out the
movements, adapting the Valve for its various duties
in the Steam-Engine. Illustrated. 4to, cloth,........

MAYER (Prof. A. M.) Lecture Notes on Physics. 8vo.

L5 (e

McCULLOCH (Prof. R. S.) Elementary Treatise on the
Mechanical Theory of Heat, and its application to Air
and Steam Engines. 8vo, cloth..... ceraaaen e eaenee

MERRILL (Col. WM. E., U.S. A.) Iron Truss Bridges
for Railroads. The method of calculating strains in
Trusses, with a careful comparison of the most promi-
nent Trusses, in reference to economy in combination,
etc. Illustrated. 4to, cloth............ccovvunnann.

METAL TURNING. By a Foreman Pattern Maker.
Illustrated with 81 engravings. 12mo, cloth..........

MINIFIE (WM.) Mechanical Drawing. A Text-book of
Geometrical Drawing for the use of Mechanics and
Schools, in which the Definitions and Rules of Geom-
etry are familiarly explained ; the Practical Problems
are arranged from the most simple to the more com-
plex, and in their description technicalities are avoided
as much as possible. ith illustrations for Drawing
Plans, Sections, and Elevations of Railways and Ma-
chinery ; an Introduction to Isometrical Drawing, and
an Essay on Linear Perspective and Shadows. Illus-
trated with over 200 diagrams engraved on steel.
With an appendix on the Theory and Application of
Colors. 8v0, Cloth,......ccovveiiienneernnninninnns

- Geometrical Drawing. Abridged from the octavo
edition, for the use of schools. Illustrated with 48
steel plates. Ninth edition. 12mo, cloth ........

MODERN METEOROLOGY. A Series of Six Lectures,
delivered under the auspices of the Meteorological
Society in 1878. Illustrated. 12mo, cloth........... .

MOONEY (WM.) The American Gas Engineers’ and
Superintendents’ Hand-book, consisting of Rules,
Reference Tables, and original matter pertaining to
the Manufacture, Manipulation, and Distribution of
Illuminating Gas. Illustrated. 1zmo, morocco .....

50

50

50

50
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MOTT (H. A, Jun.) A Practical Treatise on Chemistry
(Qualitative and Quantitative Analysis), Stoichi-
ometry, Blow-pipe Analysis, Mineralogy, Assaying,
Pharmaceutical Preparations, Human Secretions,
Specific Gravities, Weights and Measures, etc. New
Edition, 1883. 650 pages. 8vo,cloth... .............

MULLIN (JOSEPH P., M.E.) Modern Moulding and
Pattern-making. A Practical Treatise upon Pattern-
Shop and Foundry Work: embracing the Moulding
of Pulleys, Spur Gears, Worm Gears, Balance-wheels,
Stationar En%ivne and Locomotive Cylinders, Globe
Valves, Tool Work, Mining Machinery, Screw Pro-
pellers, Pattern-shop Machinery, and the latest im-
provements in English and American Cupolas;
together with a large collection of original and care-
fuﬁy selected Rules and Tables for every-day use in
the Drawing Office, Pattern-shop, and Foundry.
12mo, cloth, tllustrated........ ........ ... . e

MUNRO (JOHN, C.E.) and JAMIESON (ANDREW,
C.E.) ‘A Pocket-book of Electrical Rules and
Tables for the use of Electricians and Engineers.
Seventh edition, revised and enlarged. With numer-
ous diagrams. Pocket size. Leather...............

MURPHY (J. G., M\.E.) Practical Mining. A Field
Manual for Mining Engineers. With Hints for In-
vestors in Mining Properties. 16mo, morocco tucks. .

NAQUET (A, Legal Chemistry. A Guide to the De-
tection of Poisons, Falsification of Writings, Adulter-
ation of Alimentary and Pharmaceutical Substances,
Analysis of Ashes, and examination of Hair, Coins,
Arms, and Stains, as applied to Chemical Jurispru-
dence, for the use of Chemists. Physicians, Lawyers,
Pharmacists and Experts. Translated, with addi-
tions, including a list of books and memoirs on Toxi-
cology, etc., from the French, by é P. Battershall,
Ph.D., with a preface by C. F. Chandler, Ph.D.,
M.D., LL.D. 12mo, cloth............cooiiivine oo

NEWALL (J. W.) Plain Practical Directions for Draw-
ing, Sizing and Cutting Bevel-Gears, showing how the
Teeth may be cut in a plain Miliing Machine or Gear
Cutter so as to give them a correct shape, from end
to end; and showing how to get out all particulars for
the Workshop without making any Drawings. In-
cluding a full set of Tables of Reference. olding
Plates, 8vo., cloth, ......oiiiiiiiiiiiiiiiiiiiean .

4 00

3 00
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NEWLANDS (gAMES). The Carpenter's and Joiners’
Assistant : being a Comprehensive Treatise on the
Selection, Preparation and Strength of Materials, and
the Mechanical Principles of Framing, with their
arpllcation in Carpentry, Joinery, and Hand-Railing ;
also, a Complete Treatise on Sines ; and an illustrated
Glossary of Terms used in Architecture and Building,

Illustrated. Folio, half mor..... eireeeas tieieresn..15 OO
NIBLETT (J. T.) Secondary Batteries. Illustrated.
12zmo, cloth ..., ... (ool ceee e R )

NIPHER (FRANCIS E., A M) Theory of Magnetic
Measurements, with an appendix on the Method of .
Least Squares. 12mo, cloth...........ooiivieiani.t, 1 00

NOAD (HENRY M.) The Students’ Text-book of Elec-
tricity. A new edition, carefully revised. With an
Introduction and additional chapters by W. H.
Preece. With 471 illustrations. 12mo, cloth. .. ..... 4 0o

NUGENT (E.) Treatise on Optics; or, Light and Sight
theoretically and practically treated, with the appli-
cation to Fine Art and Industrial Pursuits. With 103
illustrations. 12mo, cloth...

PAGE (DAVID). The Earth's Crust, a Handy Outline
of Geology. 16mo, cloth............... e 73

PARSONS (Jr., W. B,, C.E) Track, a Complete Man-
ual of Maintenance of Way, according to the Latest
and Best Practice on Leading American Railroads.
Illustrated. 8vo,cloth...... ...

150

PHILLIPS (JOSHUA). Engineering Chemistry. A
Practical Treatise for the use of Analytical Chemists,
Engineers, Iron Masters, Iron Founders, students and
others. Comprising methods of Analysis and Valu-
ation of the principal materials used in Engineering
works, with numerous Analyses, Examples and Sug-
gestions. 314 Illustrations,  8vo, cloth.... .......... 4 o0

PLANE XABLE (THE), Its Uses in Topographical
Surveying. Illustrated. 8vo, cloth.................. 2 00

PLATTNER. Manual of Qualitative and Quantitative
Analysis with the Blow-pipe. From the last Germaa
edition, revised'and enlarged, by Prof. Th. Richter,
of the koyal Saxon Mining Academy. Translated by
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80.—HEALTHY FOUNDATIONS FOR HOUSES. By
Glenn Brown.

—_—— —

r-,--_ R









